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ENCYCLOPEDIA 
This Greatly Enlarged New Edition is a Major 


Now in 20 Volumes 





Revision With Many Exclusive Features 


More than an exciting editorial achievement, the 1960 World 
Book makes important new contributions to education. The re- 
vised and expanded twenty-volume World Book Encyclopedia 
offers tested visual aids such as Transvision, a new “three dimen- 
sional” map program, and thousands of 
new or revised articles. New illustrations 
are more interesting, more numerous than 
ever before. In fact, no other reference set 
has ever been more precisely organized 
and systematically revised to help educa- 
tors and students. 


The 1960 World Book Encyclopedia rep- 
resents an investment of an additional 
$2,800,000 in creative costs to make avail- 
able to schools, libraries, and homes the 
most modern, accurate, and useful refer- 
ence set. Write for complete informa- 
tion without obligation. 
Field Enterprises Educational Corporation 

Merchandise Mart Plaza, Chicago 54, Illinois 
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Outstanding books for your science program— 
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Chemistry for Our Times 
New Third Edition (1960) 


Thoroughly revised to include all the latest developments. New 


emphasis on principles. A transvision of a nuclear power plant. 

Weaver New two-color end M ill ions. Each 

d New two-color end-papers. Many new illustrations. Each new topic 

a begins with phenomena familiar to the student and moves on to 
Foster 


related chemical facts and principles. Laboratory Manual, Test 
Booklet, Correlated Filmstrips, and Teacher’s Manual available. 


Using Chemistry 


1959 Edition 


A solid principles book, geared to the exacting standards of 
Oscar ; 
present-day science requirements. New material reflects recent 
E. developments. Emphasis throughout is on principles. Laboratory 
Lanford 


Manual, Test Booklet, and Teacher’s Manual available. 


Physics for Our Times 
1958 Edition 


Marburger and Hoffman 


The Earth and Its Resources 
Third Edition (1959) 


Finch, Trewartha, and Shearer 


Write for information to School Department 


McGraw-Hill Book Company 


New York 36 e Chicago 46 * Dallas 2 ° San Francisco 4 
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Gives an unusually clear demonstration of the INVERSE SQUARE LAW FOR LIGHT 


Enables the student to verify the law quantitatively 


Darkened room is desirable but complete darkness not necessary if test surface is 
reasonably well screened from direct rays of light and highly reflective surfaces 


Designed for use with Welch No. 3680 Source of Light which is a required accessory and 
for which a special adapter with a square aperture is included 


Primarily intended for laboratory use by a small group of students. Can be used before 
a large class by connecting an auxiliary lecture-table galvanomenter to the photocell in 
place of the small panel meter on the test surface, or the values from the meter may be 
recorded on the blackboard. 


No. 3541. 


No. 3680. 
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W. M. 
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Members of NSTA frequently write to 
tell us how much they appreciate the many 
services and materials that in their opinions 
“hit the bull’s eye.” 

Many behind-the-scenes activities of NSTA 
also are striking some important targets. 
Being beyond the scope of direct services 
to members, however, it is somewhat of a 
problem to communicate fully the nature 
and significance of these endeavors. The 
“NSTA Activities” and “FSA Activities” 
pages of TST carry such reports in each 
issue. But there is so much going on I believe 
we can use this column to good advantage 
this month in brief descriptions of several 
current efforts and projects. 

First, in the realm of facilities for the 
teaching of science, NSTA with the collab- 
oration of two other agencies has held ex- 
ploratory seminars on (a) implications for 
facilities of trends and new dimensions in 
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science education, and (b) the role of kits, 
models, and scientific toys in learning about 
science. 

How much science are boys and girls 
learning (and how good is it) through the 
materials now being made available by the 
multimillion dollar scientific toy-model-kit 
industry? What are the implications for class- 
room instruction in science? To what extent 
should our profession attempt to develop 
criteria and guidelines for selection and use, 
both by teachers in school and by parents 
outside of school? What changes in class- 
room and laboratory design and furnishings 
during the next decade are called for by 
current tendencies to accelerate the science 
program, and to provide seminars, research- 
type opportunities, and advanced courses for 
able students in grades 11-14? These are in- 
dicative of the questions considered in the 
seminars. Decisions on follow-up actions, 
if any, from the seminars are still pending. 

Another important role of NSTA is that 
of cooperation with other professional soci- 
eties. Three diverse examples can be cited. 

1. NSTA has provided an official repre- 
sentative of high school physics teaching to 
meet with the advisory committee for a 
project on the design of physics buildings. 
The project is being carried on by the 
American Association of Physics Teachers. 

2. NSTA has joined three scientific soci- 
eties in the formation of the Metallurgy- 
Ceramics Foundation to deal with problems 
of education in these fields at both secondary 
and collegiate levels. 

3. Within the NEA family, NSTA now 
has under way a joint project with the 
Department of Elementary School Princi- 
pals. This will produce a booklet on science 
for parents of elementary-age youngsters. 
NSTA has joined with some 20 other NEA 
units also to form a Council on Instruction, 
an agency to study the over-arching prob- 
lems that transcend subject matter and de- 
partment boundaries. (The NSTA Executive 
Secretary is chairman of the group this 
year. ) 

Still another area which NSTA is exploring 
is a program in the field of international 
activities. Foreign visitors are constantiy 
seeking data from us and the U. S. Office of 
Education on science programs in America. 
The forthcoming European tour by some 30 
representatives of NSTA and science teachers 
of America may crystallize more fully our 
responsibilities in this field. 

NSTA participation in these and other 
similar programs has been considered and 
approved, in line with policies of the Board 
of Directors. It is believed that these efforts 
can contribute significantly to the advance- 
ment of science education. 

Magazines, packets, conventions, and pro- 
jects as those mentioned above are among 
the services an organized profession can 
achieve. These are the projects in which 
NSTA participates through the support of 
14,000 members—for their benefit and for 
the benefit of 50,000 other science teachers 
and their students. 
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Again congratulations to you and your 
staff for the excellence of the new dress, 
arrangement, and interesting contents of 
Volume 27, No. 1 (February issue) of 
The Science Teacher. 

It isn’t difficult to visualize the lift 
which any devoted teacher of science gets 
from seeing this professional journal, and 
the increasing confidence and enthusiasm 
in the job which results from the help 
which comes each month. 

You're doing a great job for science! 


PauL E. K LopsteG, Chairman 
Board of Directors 
American Association for 

the Advancement of Science 


Congratulations on the new and 
more functional format of The Science 
Teacher. I was intrigued—and pleased 
—with the explanation of the reasons for 
the change. I had always wondered why 
such changes are made. This one is a 
good one. 


SISTER MARY MaArTINETTE, B.V.M. 
Mundelein College 
Chicago, Illinois 


I have been very pleased with my first 
year of a sustaining membership. The 
Science Teacher is looked forward to 
more than any other periodical, and the 
recently added Science World, which 
carries Tomorrow’s Scientists, is eagerly 
read. 

C. R. JONGEDYK 
3158 North Salina 
Wichita, Kansas 


EDITOR’S NOTE: The above letters are 
representative of the many which have been 
sent to us following the distribution of the 
February issue in its newly revised form. 
We confess to a pleasant glow of satisfaction 
in reading these letters, and we accept them 
on behalf of our Magazine Advisory Board, 
the contributors to TST, and the artist and 
production representative of our printer who 
works closely with our staff and guides us 
in producing our journal. 

In addition to these letters, we welcome 
and invite your comments reporting critical 
analysis and positive suggestions for further 
improvement of future issues. 
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Now that I have read the first issue 
of the 1960 volume of The Science 
Teacher with a new format, I thought 
I'd let you know how disappointed I 
am. The cut-up job of previous issues 
was bad enough but with all the reading 
matter cut up with advertisements, it is 
detestable. Of course, I know that ads and 
not subscriptions pay for the publication. 

Maybe I have “missed the point,” as 
one usually says, but referring to the 
article “First Aid or Safety First,” it 
certainly did not show technique. On 
page 550-1 of the December 1959 issue 
of The Science Teacher I find safety and 
technique faults. On page 550, the stu- 
dent removing the beaker from the tri- 
pod, not ring stand, could have been 
using beaker tongs for safety. This is 
the positive approach. On page 551, the 
picture on the left agreed that careless 
filtering is taking place but not incom- 
plete filtering necessarily, perhaps loss of 
filtrate, yes? On the right, maybe careful 
filtering is taking place, but the technique 
could have been proper. On the bottom 
of the page both pictures show how the 
tubing and especially the glass could 
penetrate the aprons if heat is too great. 
It may be exaggerated but the student 
could suffer stomach wounds. I think the 
article in question was poor in explaining 
safety. The two pictures on the top of 
page 551 add nothing to safety but do 
to poor techniques. 

Incidentally, I still think that NSTA 
members should only vote for their own 
Regional Directors and not for those in 
other regions. 


ANDREW A. SHEROCKMAN 
5231 Wolfe Drive 
Pittsburgh, Pennsylvania 


EDITOR’S NOTE: The article referred to 
above was included as a feature article to 
stimulate safety habits and was not intended 
to prescribe techniques. It was based, as 
indicated, on suggestions from the author 
and his experiences in the laboratory. 


NEA NOTES 


EDITOR’S NOTE: From time to time, we 
will report events and data of interest from 
other NEA departments in this column. Ad- 
ditional information on the items reported 
may be obtained by writing the individual 
departments. 


Legislation Division of NEA 


The House of Representatives is expected 
to begin debate this month on a moderate- 
sized school construction bill which friends 
of education hope to amend to include fed- 
eral funds for teachers’ salaries. The con- 
struction-only measure would authorize ap- 
propriations of $325 million for each of 
fiscal years 1961, 1962, and 1963. The 
Senate on February 4 passed by a vote of 
51 to 34 a $1.8 billion bill which provides 
federal funds for school construction and 
teachers’ salaries over a two-year period. 
This marked the first time in history that 
favorable Congressional action has been 
taken on legislation providing money for 
both salaries and construction. 


Department of Rural Education 


The Department of Rural Education will 
soon publish the book, Children of Migra- 
tory Agricultural Workers, by Elizabeth Sut- 
ton, Florida State University, based on three 
years of experience in a supervisory project 
in Palm Beach County, Florida, and North 
Hampton County, Virginia. The project was 
begun under the chairmanship of Howard 
A. Dawson, NEA Director of Rural Service. 


National Association of Public School 
Adult Educators 


Adults should continue their education in 
the sciences. The rewards for spending time 
and energy to do this may well range from 
learning interesting information to finding 
a new career. To help adults to continue 
their education in science, the Association 
is planning a special curriculum publication 
tentatively entitled, “What Adults Can Learn 
in the Science Areas.” The publication will 
be designed to aid public school adult edu- 
cators develop science education programs 
suitable to the myriad interests and needs 
of adults. 


THIS MONTH'S 


area | 


cycle. 


COVER... 


THE HYDROLOGIC CYCLE—The transport of moisture 
by evaporation from oceans and other bodies of 
water, soil, and vegetation into the atmosphere . . . 
to condense into clouds and precipitation, and thus 
return to the land and waters in a never-ending 
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By H. E. LANDSBERG 


Director, Office of Climatology, U. S. Weather Bureau, Washington, D.C. 


LIMATE is part of our environ- 

ment. It is an entity abstracted 
from the ever-changing weather. With 
topography and natural resources it is 
a basic element of our surroundings. 
Climate governs the flora and exercises 
a profound influence on the fauna. It 
rules the water supplies, determines our 
clothing, housing and, even to some 
extent, our health. 

Long before the time of written his- 
tory, man had been concerned with 
climate. His struggles with daily life 
and his migrations reflected the im- 
portance of this factor. Crude attempts 
at measurements antedate the present 
era. The Greek philosophers were well 
aware of the fact that climatic condi- 
tions had a relation to solar elevation 
above the horizon. That the inclination 
of the sun’s rays with the horizontal 
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influenced the temperature was \well 
known to them. It gave rise to the fame 
“climata” (or inclinations). The steeper 
an angle the sun’s rays make with the 
surface of the earth, the higher are the 
temperatures. The greater their slant, 
the cooler it gets. Thus, the geographic 
latitude becomes a main cause for 
climatic differences. 

We can demonstrate this very easily 
by observing the temperature of a flat 
surface on a calm, sunny day. This 
temperature follows the solar elevation 
above the horizon. We can also readily 
see that slopes to the south get warmer 
than slopes toward the north. Just as 
we can note the diurnal pattern, it is 
also easy to follow the annual course of 
temperature. This difference between 
summer and winter is again following 
the changing elevation of the sun. But 





here it becomes almost immediately 
obvious that other causes enter into 
shaping the march of temperature. The 
highest and lowest values do not any 
more coincide with the extremes of 
solar elevation. Instead they lag be- 
hind. This lag is a function of many 
factors but one of them is the influence 
of the oceans. At places far inland, the 
lag is short. At the coast or on islands 
it is long. 

The distribution of land and sea on 
the earth exercises a very profound in- 
fluence on the climate. The sun, by 
heating the earth near the equator more 
than at the poles, sets up the energy 
differences responsible for the general 
atmospheric circulation. But water 
masses and solid earth react differently 
to the heat transactions. Because of 
mobility a thicker layer of water gets 
involved than in the case of solid 
eatth. In fact, the annual variation 
penetrates ten times deeper into the 
water than into the soil. This solid layer 
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CLIMATE 


heats quickly and cools quickly. The 
large water masses take longer to heat 
and act as a reservoir of heat in summer 
and as a sink in winter. In contrast, 
oceans furnish heat to the air in winter, 
but are relatively cool surfaces in sum- 
mer. This again causes important 
regular variations in the general cir- 
culation. On an extended scale this is 
seen in the monsoons which blow from 
land to sea in winter and then from sea 
to land in the summer. 

These large-scale phenomena can 
now be studied and, to some extent, be 
duplicated in the laboratory. If one 
heats the fluid in a slowly rotating dish- 
pan with a heat source at the rim and 
cools it in the center, a circulation 
analogous to that in the earth’s atmos- 
phere is set up—easterly flow near the 
rim (= equator), westerly flow with 
eddies in the middle zone (= moderate 
latitudes), and easterlies again near the 
center (= pole). Dr. Dave Fultz of The 
University of Chicago has performed an 
excellent series of experiments showing 
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Cumulonimbus clouds as seen from the air. 
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these effects. One can also duplicate the 
disturbances created in the flow of an 
obstacle (= mountain). 

These experiments help us in a 
better understanding of the great variety 
of climates. In their world distribution 
these climates are an outgrowth of the 
general circulation. If the earth’s sur- 
face were uniform and smooth, climatic 
conditions would be simple and readily 
predictable. The problems arise from 
the infinite mosaic of landscape and dis- 
tribution of water surfaces. These often 
create notable climatic variations with- 
in a climatic zone. These small-scale 
patterns, often called microclimates, 
can be studied everywhere. They reflect 
such distinctions as the differences of 
night-time temperatures between a city 
and its suburbs, or a valley and a hill. 
On an even smaller scale one can note 
them within a garden, around a hedge, 
or between the north and south side of 
a house. Sometimes they are well re- 
flected in the type of flowers that will 
grow or the dates on which they will 
start blooming. 

But climate is more than tempera- 
ture. It includes the many elements 
which make up the day-to-day weather. 
Hence precipitation, atmospheric pres- 
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sure, wind direction and speed, cloudi- 
ness, and special events such as thun- 
derstorms are part of the climate. In 
weather studies and weather forecast- 
ing we treat these factors individually 
in a day-to-day fashion at many places 
simultaneously. In contrast, climatology 
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Weather records are indispensable for studies 
of local and regional climate in areas 
dependent on agricultural activities. 


deals with them as statistical coilec- 
tives. The difference is analogous to 
research in medicine which deals pri- 
marily with the well-being of indivi- 
duals and public health or insurance 
studies which deal with disease inci- 
dence in a large population. Just as the 


Typical thermometer shelter used at weather stations. Observer here performs a calibration of the 
radiosonde package which is sent aloft with a balloon to measure upper air conditions. 
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individual health problems influence 
the disease patterns of a community so 
do the multitude of weather events 
determine the climate. 

For this reason all studies of climate 
start with individual observations of the 
various weather elements. Most of 
these observations can be made with 
simple instruments. Many of them, 
such as rain gauges and wind vanes, are 
easy “do-it-yourself” projects. The 
main requirement is steady attention to 
these elements each day of the year, for 
a considerable period if one wants to 
establish the climate of a place. Fortu- 
nately, it is a proud tradition in the 
United States to take these records. 
Interest in them has been lively since 
colonial days. No less a person than 
Thomas Jefferson kept a weather diary 
for decades. Today, volunteer cooper- 
ative observers of the U. S. Weather 
Bureau keep such records in about 
12,000 communities. Their unheralded 
labors are the indispensable basis for 
studies of local and regional climate. 
The data from these climatic stations 
are most helpful for answering many 
practical questions. Among them are: 
What crops will profitably grow? How 
large a heating plant is needed for a 
building? Will there be enough rain to 


keep local water reservoirs adequately 
supplied for a growing community? 
Industry, when building a new plant, 
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Visible hurricane formation (Hazel), about 1000 miles in diameter, covers more than a million square 
miles. This is equal to about two-fifths of the area of the United States. The horizon extends almost 
3000 miles from Oklahoma to Mexico. Photograph taken by Aerobee rocket over Texas and the 
Southwest. Fired from White Sands, New Mexico. (Upper left of earth photo shows hurricane spiral 


pattern.) 


will consult climatic records to see if 
atmospheric conditions are conducive 
to accumlation of pollution products. 
Structural engineers want to know 
about maximum winds in an area to 
build safe towers and bridges. Most 
branches of engineering require back- 
ground information of climatic condi- 
tions. This is particularly true if they 
are engaged in dam or road construc- 


Lightning during Thunderstorm. 


tion, layout of runways, transmission 
of power, radio propagation, or trans- 
portation. In commerce, marketing and 
advertising rely heavily on climatic in- 
formation. As an example think of anti- 
freeze: Supplies of it should be in the 
hands of distributors prior to the first 
freeze in autumn. As it takes weeks to 
transport this from the factories to all 
parts of the country the day-to-day 
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FIGURE 1. Mean annual temperature curves for 
a location in a maritime climate (Tatoosh Island) 
and one in a continental climate (Bismarck). The 
shaded zone indicates the average daily tempera- 
ture range. Note that both annual and daily 
swing are much larger in mid-continent than 
at the coast. 


forecasts of weather, which at best anti- 
cipate a five-day period, cannot help. 
Therefore, as best estimate the probable 
date, at a certain level of risk, is arrived 
at from the past record of this event. 
Similarly, for snow tires and chains the 
date of the first substantial snowfall can 
be estimated. In spring, the mean date 
of the last freeze is a good climatic 
guide for the planters of home gardens. 

Compilation and analysis of the cli- 
matic data from 12,000 stations is a 
formidable task. Many of them have 
decades of daily observations, a few 
even as much as a century. Fortunately 
modern data processing systems have 
come to the aid of the climatologist. All 
current observations for over a decade 
and many of the earlier data have been 
placed on punched cards. Electronic 
machines permit the rapid calculation 
of means, standard deviations, and 


other 


statistical elements of the 
frequency distributions. Specialized 
problems in climatology have led to 
the use and development of new statis- 
tical techniques. Sometimes knowledge 
of the distribution of extreme values 
is important. Other times, the proba- 
bility of exceeding a given threshold is 
useful information. In this connection, 
not all these statistics refer to the sur- 
face layer of the air. For the planning 
of jet air routes it is pertinent to know 
how often winds exceeded given values 
and from what directions they came in 
various layers high up in the atmos- 
phere. Such data help in the com- 
pilation of wind-aid and -retard tables. 
The basic observations for these analy- 
ses come from free balloons tracked by 
radar to great heights. 

The availability of the data in a form 
permitting their processing by machine 
has opened an enormous store of 
scientific information. Some intriguing 
new avenues of research will be de- 
tailed later. But even the punched card 
is not an unmixed blessing. It becomes 
bulky in quantity. At the National 
Weather Records Center in Asheville, 
North Carolina, which is the archives 
for all of the country’s climatic data, 
350 million cards have accumulated. 
The growth rate is well over 70,000 
per day. These include many cards from 
upper air observations, from hourly 
readings at regular Weather Bureau 
offices, and from many foreign coun- 
tries. New devices microfilm the cards 
and the film is used as a storage 
medium. It will eventually serve 
directly as an input medium into elec- 
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tronic computers, which will perform 
various statistical analyses. 

In many of the applications of cli- 
matic data we use records in lieu of a 
long-range forecast. They serve use- 
fully if we don’t need to know when an 
event is going to take place. For ex- 
ample, it is immaterial to the operation 
of a heating plant in a building on what 
days of the year the temperature is 
going to be below zero, as long as we 
know that such days are going to 
happen, say, between five and ten times 
each year. We can then see to it that 
the heater has the capacity to handle 
the load. Similarly, if we construct a 
tower with a probable life expectancy 
of fifty years, we want to be sure that 
the probability is low to have wind 
speeds exceeding the strength of the 
structure within that period. 

But as in any other physical science, 
we like to think about the possibilities 
of predicting future events. The oldest 
method in climatology has been to fol- 
low the lead of astronomy and search 
for cycles. Two such cycles are very 
prominent: One is 24 hours long, the 
other 365 days. These correspond to 
the axial rotation of the earth and the 
revolution around the sun. Not even 
these, however, show very precise repe- 
titions in climatological data. Although 
there is a good chance to have the 
lowest temperature of the day about an 
hour before sunrise and the highest 
two hours after noon, there are many 
days on which these two events take 
place hours before or after these times. 
In the annual course of events, the 
coldest month of the year in the 
moderate latitudes of the Northern 
Hemisphere is usually January but a 
few times February, December, or even 
March may play that role. Similarly in 
summer, we can never be positive 
whether July or August will turn out to 
be warmer. In rainfall, some areas 
have pronounced dry and wet seasons 
but nowhere do these occur with clock- 
like precision. 

Nonetheless the search for cyclical 
events has been carried on with deter- 
mination by climatologists. It has been 
a very frustrating hunt. Perhaps we are 
—as it happens often in science— 
following the wrong trail. Yet one 
would expect some elements of regu- 
larity in a thermodynamic system oper- 
ating within fixed geographic bound- 
aries and dimensions. With long series 
of data on punched cards, new attempts 
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FIGURE 2. Average date of last daily minimum temperature at 32° F in spring. This chart can serve as a planting guide. 


have been made to find hidden perio- 
dicities—hidden because they are 
certainly not immediately obvious. 
Powerful statistical methods that were 
originally developed in World War II 
to find sounds from submerged sub- 
marines in the welter of oceanic noise 
have found use in this problem. It is 
the procedure of power spectrum analy- 
sis, which is a form of generalized 
harmonic analysis. This indicates what 
general rhythms are contained in a time 
series of data. If we take some of our 
longer climatic records in our regions 
and subject them to this treatment a 
few facts emerge. One is that there is a 
slight tendency for repetitiousness in 
the interval from 5 to 7 days, and 
another around 12 to 20 days. These 
are not too pronounced but they seem 
to be real. The shorter period is prob- 
ably connected with long waves in the 
westerly winds which dominate the 
moderate latitudes. These are probably 
somewhat analogous to standing waves 
of fluid dynamics in a closed system. 
Usually there are 3 to 5 such waves 
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around the hemisphere. They are mi- 
grating around the earth so that each 
locality gets under the influence of one 
every few days. Occasionally, these 
waves show some precision and for a 
month or so we may have the experi- 
ence that it will rain always on the 
same day of the week. Then the rhythm 
may disappear and another one take its 
place. How they change and why they 
change is still a puzzle. The longer 
cycle of around two weeks has some- 
thing to do with the meridional ex- 
change of energy between lower and 
higher latitudes. This too takes place in 
a pulsating form but the length of the 
rhythm is irregular and changes in the 
pulse rate are not yet within our pre- 
dictive grasp. 

If we look at longer time intervals 
about the same picture emerges from 
the analysis. In this area, much has 
been said and written about the cli- 
matic influence of varying solar condi- 
tions. These are often expressed in 
terms of sunspots. These manifestations 
of solar activity themselves are irreg- 


ular. On an average the length of one 
cycle is 11 years but it can vary from 
8 to 18 years. There is ample evidence 
for solar influences on terrestrial atmos- 
pheric events, especially in the iono- 
sphere but as we come close to the sur- 
face the relations become very tenuous. 
The power spectrum analysis of data 
in the eastern United States shows a 
slight rhythm around 11 years. It ac- 
counts for less than 5 per cent of the 
over-all variability of temperature. 

The closest connections to solar in- 
fluences have always been noted in the 
tropics and for elements which integrate 
conditions over large areas. Among 
these are lake levels and river flows. 
If we arrange, for example, the river 
discharge of the Nile River according 
to sunspots over the period of eight 
cycles one can note that there is some 
variation within the cycle with a tend- 
ency for low discharges the year before 
sunspot minimum. Again less than 20 
per cent of the variability is accounted 
for by the possible rhythmical contri- 
bution of the sunspot variation. With- 
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Ice storm damage resembles ribboned shreds. 


out knowledge of what causes the sun- 
spots we can predict their changes only 
by statistical methods. Thus there is 
presently little chance of using this only 
partially predictable element to presage 
a terrestrial condition, which seems to 
follow these sunspots to a very limited 
degree. In spite of this lack of success 
the fascination of the problem remains. 

We are equally puzzled by climatic 
fluctuations of still longer duration. 
These are measured in decades, cen- 
turies, and millenia. At one time 
climatologists deemed climate to be 
essentially invariant, at least over the 
span of a human life. The records we 
have accumulated definitely show that 
this is not so. There are slow secular 
trends. Over the past fifty years, for 
example, there has been a gradual 
warming over the globe. It is not uni- 
form. In the Arctic it has been more 
pronounced than in moderate latitudes 
or in the southern hemisphere. In the 
eastern United States it is 1 or 2 degrees 
Fahrenheit. The winters, in particular, 
have become warmer. In the Arctic the 
warming has led to a gradual melting 
of the ice. Some scientists have even 
visualized a complete melting of the 
polar ice caps. Until we know what 
causes the warming process, this is only 
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speculation. In fact, there is no assur- 
ance that the warming trend will con- 
tinue. Of course, geological evidence 
shows that the whole earth has had a 
warmer climate for epochs counted in 
hundreds of millions of years. We also 
know that there have been ice ages. 
The last major glaciation showed a 
number of stages of advancing and re- 
treating ice sheets. In North America, 
the latest continental glacier formation 
began to recede 11,000 years ago. So 
the question is: Are we now in an inter- 
glacial stage or are we slipping com- 
pletely out of the ice age? Until the 
effects can be traced back to their 
causes, this question cannot be an- 
swered unequivocally. Some scientists 
believe that terrestrial phenomena are 
responsible for the large-scale climatic 
changes—possibly the formation of 
mountains and volcanic eruptions. 
Others think that astronomical condi- 
tions cause the changes—among them 
fluctuations in path elements of the 
earth’s orbit, axial wobble, cosmic dust 
clouds between sun and earth, and 
possible changes in the output of solar 
energy and related phenomena. 

For the latest fluctuations there are 
some arguments that man and his acti- 
vities has had an influence. In the last 





century this was a claim made for de- 
forestation and cultivation. No proof 
for large-scale changes can be given al- 
though local changes can be attributed 
to these activities. Over the last few 
decades, however, another element has 
entered. Through various man-made 
combustion processes large amounts of 
carbon dioxide have entered the atmos- 
phere. This gas is a good absorber of 
infrared radiation. It intercepts part of 
the outgoing long-wave radiation from 
earth to space. An increase of this gas 
in the atmosphere would lead to a 
gradual warming. The period for which 
we have sufficiently accurate air analy- 
ses is too short to be sure of this in- 
crease in carbon dioxide. During the 
International Geophysical Year 1957- 
1958 the carbon dioxide concentration 
was checked at a world-wide network 
of stations. It is hoped that this will 
continue into the future so that close 
surveillance can be kept of this impor- 
tant constituent of the atmosphere. 
Many sciences can point with pride 
to the solid doctrines that have been 
built. Questions have been answered 
and discoveries leading to better under- 
standing have been made. In climat- 
ology, as in other phases of atmospheric 
science, many puzzles still remain. 
There are more questions than answers. 
These stay as a challenge to human 
imagination. Here is a vast domain still 
to be conquered and the scientists of 
tomorrow will find all the adventures of 
exploration waiting for them. 
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FIGURE 3. Curve shows the average annual dis- 
charge (in 10 billions of cubic meters) of the 
Nile River during the past 8 sunspot cycles. The 
years within the cycle are indicated as abscissas. 
The shaded area around the curve shows how 
widely the river discharges have varied in in- 
dividual years from the mean value. 
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HE X-RAYS 
WOOD... 


to help make 
telephone poles 
last longer 








Chemist Jack Wright developed the use of this X-ray fluorescence 
machine for testing the concentration of preservatives in wood. Here 
he bombards a boring from a test telephone pole with X-rays. 


This Bell Labs chemist is using a fast, new technique 
for measuring the concentration of fungus-killing preserva- 
tive in telephone poles. 


A boring from a test pole is bombarded with X-rays. 
The preservative—pentachlorophenol—converts some of 
the incoming X-rays to new ones of different and charac- 
teristic wave length. These new rays are isolated and sent 
into a radiation counter which registers their intensity. The 
intensity in turn reveals the concentration of preservative. 


Bell Laboratories chemists must test thousands of wood 
specimens annually in their research to make telephone 
poles last longer. Seeking a faster test, they explored the 
possibility of X-ray fluorescence—a technique developed 
originally for metallurgy. For the first time, this technique 
was applied to wood. Result: A wood specimen check in 
just two minutes—at least 15 times faster than before possi- 
ble with the conventional microchemical analysis. 


Bell Labs scientists must remain alert to all ways of 
improving telephone service. They must create radically 
new technology or improve what already exists. Here, they 
devised a way to speed research in one of telephony’s oldest 
and most important arts—that of wood preservation. 


Nature still grows the best telephone poles. There are over 21 million 
wooden poles in the Bell System. They require no painting, scraping or 
cleaning; can be nailed, drilled, cut, sawed and climbed like no other 
material. Scientific wood preservation cuts telephone costs, conserves 
valuable timber acres. 
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ewton had his falling apple 


‘In scientific achievement, chance sometimes plays a role but the teaching of science always 

requires predictable results . . . reliable tools . . . stimulating aids. Clay-Adams educational 

materials leave little to chance. 

Clay-Adams offers a large selection of science equipment — for laboratory and classroom — 

including many items for your equipment programs under Title III of the National Defense 

Education Act. The Clay-Adams line is the result of more than 40 years’ experience in the per- 

fection of scientific teaching material. Each of its products—there are more than 1000 —bears 

the stamp of authenticity and durability. Those for use in 

the secondary school are detailed in the Clay-Adams “Buyer’s In Science Teaching... 
Trusted Tools for 

Guide for Science Teaching,” already mailed to all science Learning and Doing 

departments. Check the Guide — to facilitate your purchases Ch 

under Title III. Use it — to order quality materials designed ay Ach 

to provoke greater student experience, expanded laboratory 7IGQMS 

experimentation — for gratifying science instruction. 
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OR a college chemistry teacher to 
offer suggestions to a group of 
high school science teachers about 
teaching the high school chemistry 
course may seem presumptive. It is 
similar to the Monday quarterback who 
advises the football coach how he 
should have played last Saturday’s 
game. I have not taught a high school 
course, but I have taught hundreds of 
college freshmen their first course in 
chemistry, and many more hundreds 
their first college course in the subject 
immediately following their high school 
course. Furthermore, I have done con- 
siderable work with high school 
teachers. Finally, I have been teaching 
chemistry for a long enough time to 
have seen the field grow in depth and 
complexity, year after year, until now 
a major revolution in organization and 
curriculum content is long overdue and 
sorely needed. 

While this article will deal mainly 
with problems of the teaching of be- 
ginning chemistry, the same type of 
difficulties characterize other elemen- 
tary science courses. Two kinds of diffi- 
culties which confront the chemistry 
teacher may be referred to as (1) gen- 
eral or background, and (2) the specific 
conceptual difficulty. Background diffi- 
culties must be recognized and con- 
sidered in planning the teaching pro- 
gram; they can be resolved effectively 
and automatically by the competent 
teacher. Specific conceptual difficulties 
may be alleviated through appropriate 
methods of handling troublesome course 
topics through appropriate introductory 
material and definitions. 

By background difficulties we mean 
those attitudes and prejudices toward 
the study of chemistry which are held 
by a significant number of students be- 
fore they first set foot in the classroom. 
What can a chemistry teacher do to 
overcome student fear, prejudice, lack 
of motivation, lack of self-confidence, 
deficient preparation, weak orientation? 

Primarily, the teacher himself must 
be well trained in chemistry and must 
possess an adequate understanding of 
the relationship of chemistry and 
chemists to other fields. If he has no 
confidence in his own knowledge, he 
can scarcely instill a confident attitude 
in his students. Secondly, the teacher, 
with full recognition of the objectives 
of his course, must give careful thought 
and planning to all phases of the in- 
structional process. In so doing, he 
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Difficult Concepts in 
Beginning Chemistry 





By GRANT W. SMITH 


Director of General Chemistry, The Pennsylvania State University, University Park, Pennsylvania 


must be aware of the necessity for 
proper orientation of beginning stu- 
dents to their new study, and make 
certain that these students are not lost 
or discouraged in the early stages of the 
course. 

The chemistry student is learning not 
only the rudiments of a science, but at 
the same time, a large new vocabulary 
of “foreign” words and terms. As a 
chemistry teacher, you must con- 
sciously introduce terminology to your 
students in dosages and in a manner 
which they can follow with understand- 


ing. This is not easy. Each technical 
term must be introduced meaningfully; 
it must be used over and over again in 
the same manner; and the students 
themselves must use it until it becomes 
an integral part of their language. 

In connection with language diffi- 
culties, consider the matter of defini- 
tions. Students are often inclined to 
believe that the best definition is always 
the ready-made one in the textbook, or 
the one given by the teacher. Instead 
of employing memorization, students 
should be encouraged—perhaps com- 
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pelled—to express definitions and con- 
cepts in their own words. It is most im- 
portant that the student has a clear 
understanding of the subject regardless 
of his ability to express it in the most 
elegant manner possible. If he under- 
stands it, he can use it, while his self- 
expression can be improved with train- 
ing and practice. 


Specific Conceptual Difficulties 


To visualize that which is optically 
invisible is a difficult process for the 
novice chemist. If he is consistently un- 
successful in his attempts to understand 
the concepts and materials he is study- 
ing, his interest becomes passive, and 
he is likely to give up. As a result, the 
chemistry teacher is compelled to plan 
the presentation of his subject by (1) 
omitting all materials not serving a use- 
ful purpose, and (2) presenting all rele- 
vant materials as systematically as 
possible. A basis for decision might be 
these questions: Is this material helpful 
in achieving a clear understanding of 
the basic concepts essential to an intro- 
ductory course? Or is it more likely to 
_ confuse and complicate the learning 
process? Using these criteria, I would 
certainly exclude the general acid-base 
theory, activity and activity coefficient, 
calculations of chemical equilibria, and 
the concept of the hydrogen bond, to 
name a few. I would include as per- 
tinent, interesting materials, suitable 
examples which tie the study of chem- 
istry in with everyday living and per- 
sonal experiences. This type of material 
offers much of the “spice” of the course 
and leads to a better understanding of 
the more abstract concepts. The prin- 
ciples of combustion apply not only to 
hydrogen and oxygen, but to the oper- 
ation of the Bunsen burner, the camp- 
fire, the furnace at home, and even to 
the oxidation of “fuels” in the body of 
the student. 

The second principle for guiding the 
teaching of introductory chemistry is 
that material should be presented sys- 
tematically, not as isolated facts. So far 
as possible, topics should be related to 
one another and to basic principles as 
the branches and twigs of a tree are 
related to the trunk. As the funda- 
mental unifying concept, i.e., the trunk 
of the tree, I believe the structure of 
matter is the most logical one at the 
present time. The most direct and ac- 
curate interpretation of behavior of 
substances and the best understanding 
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Author demonstrates material to chemistry class through use of closed-circuit television. 


of chemical principles are obtained in 
terms of modern concepts of atomic 
and molecular structure. The historical 
approach is too often a back-door ap- 
proach. Historical material is of im- 
portance and interest for the under- 
standing of the development of science 
and as a part of one’s education and 
culture, but it is usually an illogical and 
rather inefficient way to study modern 
chemistry. 

For illustration, consider the follow- 
ing question: Are the “laws of chemical 
combination” best understood when 
presented by the historical approach, 
or by recognizing them as mere corol- 
laries of atomic theory? One can de- 
scribe the experiments which over 
many years led to the statements of 
these principles; or one can devise and 
carry out experiments to demonstrate 
them to his own satisfaction. They 
still remain unexplained empirical re- 
lationships until we introduce the idea 
of the atomic theory. By the use of 
simple models representing two or three 
kinds of atoms, we can easily and con- 
clusively show that the principles of 
Definite Composition, Multiple Propor- 
tions, and Combining Weights are 
simple results which follow automati- 
cally in this process once we accept the 
principle of atoms. 


Introduce the unifying concepts of 
atomic and molecular structure and 
theory early in the course. Use 
only that amount of detail required 
to give a clear, but simple picture of 
our physical world composed of funda- 
mental particles from which all atoms, 
molecules, and ions are formed. From 
this basic concept, once it is clearly 
understood in its simpler aspects, the 
other concepts of chemistry can be 
readily drawn and interpreted as the 
course develops. Among others, these 
include “laws” of chemical combi- 
nation, periodic classification and rela- 
tions, oxidation and reduction, chemi- 
cal bonding, kinetic-molecular theory, 
nature of chemical reactions, equi- 
libirum, and nuclear reactions. I do not 
propose treating these subjects beyond 
their simpler aspects in the introductory 
course. In more advanced courses, 
however, a similar systematic treatment 
will continue logically and successfully 
for the student with this background. 

Let us look at some important speci- 
fic areas of difficulty inherent in the 
teaching of chemistry. Knowledge of 
the behavior of gases is of great im- 
portance to the chemist or physicist. It 
is also important for purposes of a 
liberal education, for many common 
phenomena, such as combustion, respi- 
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| 5 BIG REASONS 


LONG LIFE 


Kewaunee’s case history files 
reveal many 40-50 year old 
installations still giving satis- 
factory service. 


LOW COST MAINTENANCE 


Reliable studies show that 
genuine Oak laboratory furni- 
ture, properly finished, requires 
practically no maintenance. In 
case of damage, the wood can 
be easily refinished on-the-spot. 


LABORATORY FURNITURE 


ATTRACTIVE APPEARANCE 


No one can deny the unsur- 
passed warmth and beauty of 
wood finished by expert crafts- 


WHY WOOD IS 
PREFERRED FOR SCHOOL 








Selected Oak, finished to Ke- 
waunee-Technical’s exacting, 
high quality standards, pro- 
vides the most durable school 
laboratory furniture it is practi- 
cal to build. 


men. Oak especially offers a 
wide selection of grain effects 
and harmonizing colors. to 
match any decorative scheme. 

















PLEASANT ENVIRONMENT 


Faculty and students both feel 
“at home” with wood. Its 
natural aesthetic value is un- 
matched by any other mate- 
rial. Wood is both inviting and 
pleasant to look at and to 
touch. 


REQUIRED QUIETNESS 
Drawers and doors of wood fur- 
niture operate quietly. There’s 
no distracting clatter. 


OVER THE YEARS...§W OOD CONSTRUCTION PROVES 
TO BE THE BEST POSSIBLE INVESTMENT 





Read these Typical Statements from 
Leading Educators* 


“When the old science building at this college was 
built about 1910, it was fitted up entirely with 
‘Kewaunee’ furniture. After forty years, much of 
this furniture is still in good condition; and some 
of the original tables are still being used in some 
of the Physics, Geology and Biology laboratories.” 


“About 1926, we purchased four Kewaunee student 
center tables. After 20 years service, they were 





moved in 1946 to some Army Surplus barracks 
which we then used for laboratories. We recently 
moved these desks a second time into our new 
building and have somewhat regretfully covered 
up the Oak grain with an alkyd enamel. As our 
enrollment grows, we expect them to serve another 
generation or so of students. They are still very 
respectable looking and completely serviceable.” 


*“Wooden tables which I know have been in use, in 
our chemical laboratories, for as long as 50 years 
have been refinished several times and they appear 
to be good for another 50 years.” 


*Names on request 


KEWAUNEE TECHNICAL FURNITURE COMPANY 


STATESVILLE, 


NORTH CAROLINA 


AFFILIATED WITH KEWAUNEE MFG. CO., ADRIAN, MICH. 
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ration, plant synthesis, etc., involve the 
gaseous state. Lack of knowledge of 
gases and their manipulation was a very 
strong retarding factor in the early de- 
velopment of science. Until simple 
principles of gaseous behavior were dis- 
covered by Galileo, Torricelli, Boyle, 
Charles, Priestley, Lavoisier, and 
others, gases were mysterious, con- 
fusing, contrary-appearing stumbling 
blocks to experimental progress. Once 
understood, scientific progress was 
rapidly accelerated. 

It is common practice to introduce 
students to the subject of gases with the 
assumption that they already know 
what a gas is. Bear in mind that we are 
asking the student to become ac- 
quainted with materials he usually can- 
not see, cannot touch, cannot hold, 
cannot associate with definite shape, 
characteristic size, or any of the other 
criteria with which he is accustomed to 
associate familiar objects. 

Before the student is ready to under- 
stand behavior of gases (gas laws), he 
must first know what a gas is. This 
knowledge should be imparted slowly 
in a series of well-planned experiences 
and thought developments leading to 
familiarity with these elusive sub- 
stances. Consider the following sug- 
gested exercises and demonstrations: 

1. Start with solids and liquids which 

are more familiar and show rela- 
tions to the gaseous state. Ice melts 
to water; water boils and becomes 
a gas; the gas condenses to water, 
a liquid. Iodine melts and sublimes; 
the vapor (gas) is visible (other 
colored gases—bromine, chlorine, 
nitrogen dioxide). 
Demonstrate the presence of the 
atmosphere around us. Blow on 
fingers to “feel” it. Show how a 
sheet of paper “glides” through the 
air when dropped. Blow up a toy 
balloon (recall the pumping of air 
into a tire). Evacuate a gallon 
varnish can to show pressure of 
atmosphere. 

3. Demonstrate diffusion phenomena 
by introducing some liquid bromine 
into an evacuated vessel. Repeat, 
using a similar vessel containing air 
at ordinary pressure. 

4. Demonstrate thermal expansion of 
gases by cautiously heating a 
stoppered can and blowing out the 
stopper. 

5. Demonstrate “barometer tube” of 
mercury. Try to make a similar 
barometer tube using water. Ex- 
plain these phenomena in terms of 
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Overhead projector is used simultaneously with closed-circuit television which gives direct view of 
reaction in experiment. 


the pressure of the atmosphere 
supporting the column of liquid. 
Compare with soda straw syphon. 
(Do not use the term “suction” in 
discussing these phenomena.) 

6. Show how gases can be trapped and 
manipulated. Demonstrate collec- 
tion of gases by upward and down- 
ward displacement of air, and over 
water. Show or describe measure- 
ment of gases by weight and by 
volume (pressure and temperature 
controlled). 


With a planned campaign of demon- 
strations and experiences, the student 
will subconsciously acquire an under- 
standing of the nature of gases. He now 
has the basis for learning the quanti- 
tative aspect of the behavior of. gases. 
Throughout all of this, the kinetic 
molecular picture of gases should be 
instilled into his mental imagery. He 
should think of gaseous pressure and 
temperature in terms of molecules mov- 
ing almost without restriction in space. 
The motion of these particles results in 
the effects we term pressure and 
temperature. 


Matter should be portrayed from the 
structural viewpoint, in terms of elec- 
trons, protons, and neutrons. If a 


simple, clear atomic structural concept 
is acquired early in the course, the 





foundation for much basic chemistry is 
laid. By employing models, diagrams 
and suitable demonstrations, the picture 
of the atom as a structure composed of 
a dense nucleus associated wtih a defi- 
nite system of electrons may be readily 
conveyed to students’ minds. It is very 
difficult to teach atoms and molecules 
without using models, for the concepts 
of the nature of matter are highly ab- 
stract, even though logical. 

Once a student has grasped a simple 
picture of the atom, he has acquired a 
basic, but very useful method for under- 
standing periodicity of properties, and 
hence, the periodic classification of ele- 
ments. While the introductory course 
in high school cannot pursue the 
relationship between periodic system 
and structure in too great detail, the 
student is now in a position to under- 
stand one of the most useful, interest- 
ing, and important simplifying classifi- 
cations in the scientific field. He can 
now appreciate the importance of the 
octet or inert gas structure in the world 
of chemical reaction. He can now 
understand the best available simple 
basis for classifying metals and non- 
metals. He can now picture the for- 
mation of chemical bonds between 
atoms, since, by use of models or simple 
drawings, the sharing or transfer of 
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valence electrons may be graphically 
portrayed and understood. 

Care must be exercised in all of these 
portrayals to avoid oversimplification 
which leads to implanting of false 
ideas: e.g., carbon atoms are little black 
balls; or electrons sit like little dots on a 
circle around a black center; or atoms 
are two-dimensional. It should be clear 
to all that models and diagrams are at 
best but a crude, simplified representa- 
tion of something which we cannot 
describe completely even in complex 
mathematical symbolism. The extent to 
which the teacher treats these structural 
concepts and related principles of 
chemical bonding and periodic classifi- 
cation depends upon his estimate of the 
capacities and scientific interests of his 
students, as well as the course objec- 
tives. 

“Valence” is a term which is rapidly 
and quite properly being abandoned 
because it has been used to represent 
too many things. As an adjective, it 
does seem to find proper use (valence 
electron, valence number, valence 
bond). The preferred term for express- 
ing the oxidation state of an element or 
radical is “oxidation number.” (“Val- 
ence number” is also acceptable.) The 
oxidation number may be positive, 
negative, or zero; it is properly applied 
to atoms, ions, or radicals; it may easily 
be assigned to atoms either electro- 
valently or covalently bonded. Stress 
the fact that oxidation numbers are 
based on certain arbitrarily assigned 
values for key elements. In this way 
they somewhat resemble atomic weight 
scales, temperature scales, electrode 
potentials, and many others. When we 
assign an oxidation number of +6 to 
sulfur in sulfate, we do not imply that 
the sulfur atom has been stripped of its 
six valence electrons nor that it has an 
actual charge of six positive units. 


Writing Formulas 


Simple formula writing becomes al- 
most automatic for one who has learned 
the oxidation numbers of common ions 
and radicals. This skill is easily ac- 
quired by even the least capable high 
school chemistry student. Without cor- 
rect formulas, it is impossible to write 
equations, work problems involving 
formulas, or to appreciate the quanti- 
tative nature of chemistry. To impress 
students with the importance of writing 
correct formulas, I have often resorted 
to a simple teaching device. I have 
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given the students, or had them pre- 
pare, a list of the elements and common 
oxidation numbers considered essential 
—about 15-20 cations or positive ele- 
ments or radicals and 10-15 anions or 
negative elements or radicals. In each 
of several successive class periods 1 
would take about five minutes to read 
a list of 20 names of chemicals which 
may be formed by combinations of the 
radicals on the master list, while the 
students write the 20 corresponding 
formulas on a ruled strip of paper with 
numbered lines. Papers may be quickly 
graded in class by the students or out- 
side by the teacher. Each day, the 
formulas most frequently missed the 
previous day, together with new ones 
making up a list of 20 are given in the 
same way. As soon as most students 
are acheiving nearly 100 per cent on 
these short quizzes, the device is aban- 
doned. This method should not be used 
too early in the year, but only after 
sufficient background has been ob- 
tained so that the significance and use 
of formula writing can be appreciated. 
Balancing equations is a related 
operation which must be understood by 
the beginning student. Balancing of 
simple equations is usually learned 
readily by students. I seriously question 
the advisability of teaching special de- 
vices for balancing the more complex 
oxidation-reduction equations in the 
high school course. Students who have 
been taught a certain method in their 
high school course are often strongly 
prejudiced against learning any other 
method. Special devices should be 
omitted, except perhaps in advanced 
courses with exceptional students. 
What about the phenomenon of 
oxidation-reduction itself? The basic 
principles of this process should be 
taught in the high school course because 
of their great importance; life itself de- 
pends upon such processes. It would 
seem the best way to proceed might be 
to reserve the presentation of oxidation- 
reduction until the students have a suffi- 
cient background of factual and theo- 
retical knowledge so that the concept 
can be presented in its general form, 
i.e., in terms of gain or loss of electrons, 
or change in oxidation state. Special 
cases will then become normal examples 
of general behavior, and confusion of 
terminology will not be present. The 
following phenomena may well be in- 
cluded in an oxidation-reduction pre- 
sentation: (1) reactions of metals and 





Student works with balance in laboratory used 
for freshman chemistry studies. 


nonmetals with oxygen; (2) reduction 
of certain oxides by hydrogen; (3) 
reduction of hydrogen ion in acidic 
solution by active metals; (4) action of 
oxidizing acids, such as nitric acid, on 
copper and similar metals; and (5) 
simple oxidation and reduction reac- 
tions in electrolysis. Without compli- 
cating matters these phenomena can all 
be made meaningful in terms of the 
general concept of oxidation and re- 
duction for high school courses. 

One of the most difficult concepts to 
teach in general college chemistry is 
that of chemical equilibrium. In many 
years of teaching the course, I have not 
yet found nor heard of anyone who has 
found the ideal way to put this concept 
over effectively. Mathematical formu- 
lations are involved in a more advanced 
treatment, but the high school course 
does not generally treat equilibrium 
quantitatively. High school courses do 
involve understanding the nature of a 
dynamic equilibrium system and should 
include qualitative predictions of 
change produced by variations in pres- 
sure, temperature, and concentration 
(Le Chatelier’s Principle). If a clear and 
accurate conceptual picture of a system 
at chemical equilibrium is achieved by 
the student, then Le Chatelier’s Prin- 
ciple can be truly understood by the 
student, and does not become a mere 
memorized combination of words and 
phrases. The teacher can feel justifiable 
pride in these results. 
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Analogies, diagrams, and animated 
cartoons all fall short of giving an ac- 
curate picture of the system at equi- 
librium, yet some can be quite helpful. 
One trouble with the analogies often 
used is that they show the forward and 
reverse reactions occurring between 
two separate regions, and attempt to 
show migration from one region to the 
other. I used one like the following for 
years. Two groups of men are placed on 
opposite sides of a line. If the same 
number of men per second move across 
the line in one direction as move per 
second in the opposite direction, the 
numbers of men in the two groups do 


not change, i.e., the system is at equi- 
librium. This is truly a type of equi- 
librium, but it is not a good analogy to 
leave in a student’s mind as a represen- 
tation of chemical equilibrium. Its use- 
fulness, if any, would be in the prelim- 
inary discussion in which the mean- 
ing of the general term “equilibrium” 
is explained. 

Most analogies and .diagrams have 
the same gross fault: “reactants” and 
“products” are spatially separated into 
two distinct regions. The chemical equi- 
librium equation gives the same false 
picture because of the separation into 
“two sides of the equation:” A -+ B 


Author lectures to beginning chemistry class interpreting definitions and relating uses of equipment 


to experiments described. 
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=C + D. No wonder the student 
soon talks in terms of the two sides of 
the reaction! Students should be re- 
minded that since “products” and 
“reactants” in a chemical system at 
equilibrium are completely and hope- 
lessly mixed, it is impossible to change 
temperature, or pressure, or anything 
else for the reactants without doing the 
same to the products. 


A better analogy, but still an imper- 
fect one, is that proposed by W. E. 
Caldwell in 1932, the “dance floor 
analogy.” One thousand couples appear 
on the dance floor wearing white and 
one thousand appear in black. They 
begin dancing. Originally, the couples 
are of two types (reactants), M,L, 
(men and ladies in white) and M,L, 
(men and ladies in black). When they 
collide, they exchange partners: M,L, 
+ M,L, 2 M,L~ + M,Ly. Even- 
tually equilibrium will be reached; in 
this case, when all four concentrations 
are equal. 


Various changes in conditions can be 
introduced which will effect the equi- 
librium conditions, or speed of reaching 
equilibrium. 

1. If “hot” or fast music is played by 
the orchestra, collisions will be 
more frequent and equilibrium will 
be reached more quickly (effect of 
increase in temperature on rate of 
reaction, or effect of catalyst, in 
this case the orchestra). 

2. If we impose the condition that 
“dark gentlemen prefer blondes,” 
then all MeL couples stroll into 
the garden one by one, and the 
reaction, in effect, proceeds to com- 
pletion as in the reversible chemical 
system in which one of the prod- 
ucts is effectively removed from the 
system as a gas or precipitate. 


Other interesting analogies can be 
drawn by changing the condition of the 
example, yet at best it is still a very 
imperfect analogy. 


It is quite impossible to discover the 
one “best” way to teach any particular 
concept in chemistry. What is best for 
one teacher may not be best for 
another. There are, however, certain 
problem areas of instruction in begin- 
ning chemistry which can be identified 
readily. Every teacher must carefully 
plan his presentation, and then con- 
tinually observe the progress and re- 
actions of his students to make sure 
that he is planting correct ideas in their 
chemical understanding. 
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Report of Test Scores in Biology by Students in the Denver Public Schools 


By GEORGE E. MATHES 


Director of Science, Denver Public Schools, Colorado 


and SAM BLANC 


Coordinator of Instruction, Denver Public Schools, Colorado 


This report and the article following by L. H. Heidgerd represent two studies 
which yield conflicting evidence on the question: At what grade level should a 


course in general biology be placed? 


NE of the unsettled questions in 

science education has been the 
grade placement of general biology. 
Traditionally a senior high school 
course, some authorities have indicated 
that biology could be taught in junior 
high school to selected ninth-grade 
pupils. In order to validate this hy- 
pothesis, the Denver Public Schools 
offered a course in biology to selected 
pupils in grade nine in five junior high 
schools during the school year 1958- 
1959, and compared results with un- 
selected high school pupils in grades 
ten, eleven, and twelve and with an 
equated group of tenth-grade pupils. 
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This report is therefore a summary of 
the pilot study. 


Purpose of the Study 


The purpose of the study was to 
compare the achievement of selected 
ninth-grade students with the achieve- 
ment of high school students in general 
biology, as measured by a test of gen- 
eral biology developed by Denver 
science teachers. 


Development of the Measuring 
Instrument 


The test was developed by a com- 
mittee of junior and senior high school 


biology teachers. Content was based on 
the approved course of study in use in 
the Denver Public Schools. The ques- 
tions sampled the student’s under- 
standing of factual information and cer- 
tain laboratory experiences from each 
of the units included in general biology. 
The test consisted of two parts and took 
two class periods to administer. Part I 
consisted of ninety multiple-choice 
questions designed to measure the 
student’s ability to recall certain facts, 
principles, and concepts. Part II con- 
sisted of forty multiple-choice questions 
designed to measure the student’s 
ability to generalize from certain 
laboratory experiments. The test was 
administered to all second semester 
biology pupils in the junior and senior 
high schools near the end of the school 
year. The total number of pupils taking 
the test by grade level and sex is given 
in Table I. 


Schools and Pupils Involved in 
The Study 


The study involved most of the 
students taking biology in junior and 
senior high schools during the second 
semester of the 1958-1959 school year. 
The senior high school pupils in the 
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study were those who were enrolled in 
the standard biology course. The junior 
high school pupils were those who were 
completing the same course in grade 
nine. These ninth-grade biology stu- 
dents were selected on the basis of their 
interest in science and in science-related 
careers, their ability as measured by a 
standardized intelligence test, their 
grades in academic subjects, and the 
recommendations of their science and 
counseling teachers. The high ability of 
the ninth-grade group can be seen from 
the distribution of scores on the Otis 
Test of Mental Ability. Table II reports 
the range and interquartile scores. 


Comparison of Selected Ninth Grade 
Pupils with Unselected High 
School Pupils 


Since the test was given to practically 
all ninth-grade and high school pupils 
taking biology, it was possible to com- 
pare scores of the two groups. A com- 
parison between the measures of cen- 
tral tendency and range indicated that 
the ninth-grade pupils did substantially 
better than the high school pupils. This 
was to be expected since ability was one 
of the factors in selection of the ninth- 
grade pupils. Table III compares the 
measures of central tendency and gives 
the range of the two groups. 


TABLE | 
Number of Pupils Participating in the Study by Grade Level and Sex 











GRADE LEVEL BOYS GIRLS TOTAL 
Junior High School, ae 9 ee 143 56 : a 199 
Senior High School, Grade 10 < als . 393 808 
diated High School, Grade 11 and 12 ceed 159 281 440 : 
Total : 17 730 1,447 : 
Comparison between Equated Ninth TABLE Il 


and Tenth Grade Pupils on Parts 
| and II of the Test 


Matched Groups 


An attempt was made to equate the 
ninth-grade pupils with an equal num- 
ber of tenth-grade pupils and compare 
the scores made on the test. This was 
accomplished using all of the 199 
ninth-grade group and selecting an 
equal number of boys and girls with 
almost identical IQ’s from the group of 
tenth-grade test results. The ninth- 
grade Otis IQ score was used for both 
groups. The range and measure of 
central tendency for the two groups are 
given in Table IV. The two groups are 
so similar that for all practical purposes 
they may be said to have equal ability. 


Pursuing science avidly, ninth-grade girl student ranks high in ability and performance. 
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ATLANTA PUBLIC SCHOOLS 


Range and Measures of Central 
Tendency for Pupils Taking Biology 
in Grade Nine as Measured by The 

Otis 1Q Test (199 Pupils) 





BOYS | GIRLS bao 
Qs 1270 | 121.0, | 124.0 
Median 119.0 1153.) 118.5 
Qn. 1124) 1120) 1123 
Range | 101-142 | 101-133 | 101-142 


| 





TABLE Ill 


A Comparison Between Selected Ninth 
Grade Pupils and High School Pupils 
on Parts | and Il of the Test 





(Perfect Score = 140) 
NINTH HIGH 
GRADE SCHOOL 
Qs; 106.0 94.0 
Median 97.5 82.5 
Q; 87.5 70.0 
Range 59-128 25-125 





Part | of the Test 


Studies of the two matched groups 
were made for boys and girls on Parts 
I and II of the test. One hundred forty- 
three boys and fifty-six girls partici- 
pated in this phase of the study at both 
ninth- and tenth-grade levels. Part I of 
the test consisted of ninety questions. 
In general, boys did better than girls in 
both the ninth and tenth grade. The 
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TABLE IV 


Range and Measures of Central Tendency between Ninth and Tenth Grade 
Pupils Matched on the Basis of Sex and Scores on The 
Otis Test of Mental Ability 
(143 Boys — 56 Girls) 





BOYS GIRLS BOYS 


NINTH GRADE TENTH GRADE 


GIRLS 





Qs; 127.0 121.0 125.3 121.0 

Median 119.0 115.3 119.6 115.3 

Qi 112.4 112.0 112.4 112.0 

Range . 101-142 101-133 101-138 101-133 
TABLE V 


A Comparison of Measures of Central Tendency and Range for Matched 
Groups of Ninth and Tenth Graders on Part | of the Test 


(143 Boys — 56 Girls. 


Perfect Score — 90) 





NINTH GRADE 








TENTH GRADE 


BOYS | GIRLS | TOTAL BOYS GIRLS TOTAL 
Qs 71.7 66.0 | 70.8 69.7 65.4 67.2 
Median 66.5 60.5 | 64.4 61.9 56.5 61.2 
| 
Qi 58.8 58.3 56.3 56.4 49.5 52.7 
Range 42—89 41—85 





interquartile range for the ninth-grade 
group was 56.3 to 70.8 and for the 
tenth-grade group, 52.7 to 67.2. The 
range of scores is almost the same but 
the top scores for the ninth-grade group 
are higher than for the tenth-grade 
group. Likewise, the low scores in the 
tenth-grade group are below those for 
the ninth-grade group. This would in- 


dicate that the ninth graders, in general, 
did better on Part I of the test than did 
their matched tenth-grade counterparts. 
Data are given in Table V. 


Part Il of the Test 


Part II of the test consisted of forty 
questions. Again boys did slightly better 
than girls in both groups. The range of 
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scores in the ninth-grade group was 
from 17 to 40 correct, and for the 
tenth-grade group from 19 to 40 cor- 
rect. The median score for grade nine 
was 35.1 and grade ten 33.2. This may 
indicate that again ninth-grade pupils 
did slightly better on Part II of the test 
than tenth-grade pupils. The high 
scores made by both groups on Part II 
of the test may indicate that both 
groups learned how to generalize and 
apply the principles of biology equally 
well. Data for range and measures of 
central tendency for Part II of the test 
are given in Table VI. 


Summary 


On the basis of a study of the scores 
on the total test for the matched groups 
of ninth- and tenth-grade students, it 
would seem that selected ninth-grade 
pupils can achieve as well, and in some 
instances better, than tenth-grade pupils 
of comparable ability in general biol- 
ogy. In Part I of the test the differences 
among the three measures of central 
tendency used are probably large 
enough to have some statistical signi- 
ficance. In Part II the large number of 
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scores may indicate that the test was 
not difficult enough for the higher- 
ability pupils. Consequently, the differ- 
ence between the two groups was not 
so great and may not be a significant 
difference. 


Conclusions 


This pilot study was established to 
test the assumption that selected ninth- 
grade students could do as well as 
tenth-grade students in a course in 


general biology. The data reported here 
point out clearly that the group of ninth 
graders selected on the basis of ability, 
interest in science, and teachers’ recom- 
mendations did considerably better than 
unselected high school students. When 
compared with a group of tenth-grade 
students selected to match the ability 
of the ninth grade, ninth-grade students 
did slightly better than the tenth-grade 
group. Boys did slightly better than 
girls in both groups. 


TABLE VI 


A Comparison of Measures of Central Tendency and Range for Matched 
Groups of Ninth and Tenth Graders on Part II of the Test 


(143 Boys — 56 Girls. 


Perfect Score — 50) 





| NINTH GRADE 


TENTH GRADE 























| BOYS GIRLS | TOTAL BOYS GIRLS | TOTAL 
Qs Se! ae 37.1 34.9 35.7 
Median 35.2 | 329 | 35.1 33.3 33.1 33.2 
Q: | 31.9 | 298 | 312 31.7 29.3 29.8 
Range 17-40 19—40 
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Summary of a Doctoral Thesis completed at the University of Illinois 


By LLOYD H. HEIDGERD 


Associate Professor of Science, State University College of Education, Buffalo, New York 


HOULD required ninth-grade gen- 
eral science be eliminated and 
replaced with required ninth-grade 
biology? This is a question which is 
receiving some considerable attention. 
A number of reasons have been ad- 
vanced for considering this move. 
Among them are: (1) Ninth-grade 
general science is often repetitious of 
upper elementary or early junior high 
school science; (2) Radio, television, 
and the wide distribution of popular 
science books and magazines have in- 
creased the general science knowledge 
of most youngsters; and consequently 
(3) Many youngsters are bored by the 
customary ninth-grade general science 
course; and (4) These are not times to 
waste effort in science education. 
Arguing positively, it has been held 
that high school students would obtain 
a higher average level of science knowl- 
edge if ninth-grade biology were intro- 
duced, particularly if it were followed 
by a_ tenth-grade physical science 
course. A two-year general science 
sequence would be established without 
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the boring repetitions and consequent 
ineffectiveness of seventh- and eighth- 
grade general science in ninth-grade 
general science and the unnecessary 
duplication of the biology unit of ninth- 
grade general science in tenth-grade 
biology. This argument, of course, as- 
sumes that the present practice of the 
majority of students taking two years 
of science continues. According to 
government figures aproximately 75 
per cent of the U. S. tenth-grade 
population is enrolled in biology (1). 
Assuming now that tenth-grade physi- 
cal science is offered, it can further be 
reasoned that weak science students 
would be either eliminated from taking 
physics or chemistry or better prepared 
for those courses by their experience in 
tenth-grade physical science. In effect, 
standards in chemistry and physics 
could be raised. Moreover, well- 
qualified students could be excused 
from the physical science course if they 
included chemistry and physics in their 
course plans. This would allow room 
for an advanced science or a course of 





interest in another subject matter area. 
The study which is summarized in 
the following paragraphs was an at- 
tempt to get data on some of these 
arguments. The approach used made 
practical an investigation possessing 
some notable differences from previous 
studies of the same or similar curri- 
culum changes. Among these differ- 
ences were: (1) More teachers were in- 
volved—four biology, three physical 
science, and three physics teachers; (2) 
The achievement of a relatively large 
number of students, over 425 in biology 
alone, was evaluated; and (3) Total 
school populations were included. 
Suitable measuring instruments and 
standards based on the common, con- 
temporary high school science curri- 
culum were provided when the World 
Book Company made available the 
complete standardizing samples for the 
general science, biology, and physics 
tests in its Education and Adjustment 
series (2). From the company’s data the 
mean scores obtained by the students 
of each school used in the standardiz- 
ing samples of the achievement tests 
were computed. These mean achieve- 
ment scores were then adjusted to a 
common IQ* and empirical distribu- 





*Regression coefficients of achievement against 
IQ were computed, and the mean achievement scores 
all adjusted to a single IQ according to the slopes 
of the regression lines. 


27 








tions of school achievement mcans con- 
structed. These three distributions, one 
for each of the subject matter tests, 
were the standards against which the 
schools offering ninth-grade biology 
were compared. 

Two schools had been located which 
were offering ninth-grade biology and 
tenth-grade physical science. The 
method of school selection introduced 
a bias since schools pioneering in cur- 
riculum change would be likely to have 
a better-than-average faculty and ad- 
ministration, but such, or an equivalent, 
bias was unavoidable. Students in the 
two schools were given the appropriate 
achievement tests at the end of the 
school year, mean scores were com- 
puted for various groups of students 
within each school, and these means 
adjusted to the common IQ to which 
the comparison distributions of school 
means had been adjusted. 

Now to move to the testing of some 
of the values which it was thought 
would be fostered by the change in 
curriculum. Underlying the advocacy 
of ninth-grade biology is the assump- 
tion that ninth graders will do as well 
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Achievement is important in laboratory procedures as well as in written test scores. 


in biology as tenth graders. The first 
problem was to test this assumption. 
This was done using the standardiz- 
ing sample of the Nelson Biology Test 
modified to include tenth-grade stu- 
dents only. 

The adjusted ninth-grade biology 
mean for the 303 students in one 
school, which we will call School A, 


ranked 51 from the top among the 60 
schools in the standardizing distribu- 
tion; the 124 students in the second 
school, which we shall call School B, 
ranked 57 from the top. When the stu- 
dents of School A and School B were 
grouped according to their teachers, the 
results shown in Table I were obtained. 
The students in School B could not be 


TABLE | 
Ranks of Student Groups According to Teachers on the Nelson Biology Test 


Teacher l 2 3 4° 
Rank 55/60 42/60 57/60 57/60 
Number of Students ek 101 87 124 
“Taught all students in School B 

TABLE II 


Differences between Expected Mean Scores and Obtained Mean Scores 
on the Nelson Biology Test 


Teacher 

Obtained Mean Score 
Expected Mean Score 
Difference 


Number of Students 


*All students in School B 


l 2 3 4 
111 113 111 106 
116 116 117 113 
—5 —3 —6 —7 
115 101 87 124 
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divided because only one teacher was 
involved. As can be seen, the classes of 
three of the four teachers ranked 55 or 
further from the top among the 60 
school means. 

To clarify the meaning of this low 
ranking, Table II shows how many 
standard score points the mean scores 
lay below what would be expected ac- 
cording to the mean intelligence quo- 
tients of the groups, assuming the 
schools were average schools. 

It should be pointed out that the ex- 
pected mean of all students on the test 
is 104 and that the higher expected 
means here indicate that the students 
used for this research had high average 
ability. 

Using the concept of the standard 
error of estimate based on the regres- 
sion of acheivement upon IQ, these 
groupings of students were 1.7, .97, 
1.7, and 2 standard errors of estimate 
below prediction. Thus three of the 
four groupings of students turned out 
to have obtained mean achievement 
scores which were lower than would be 
expected of 95 per cent of similar 
groups of students, and all were below 
prediction. These data did not produce 
statistically significant differences since 
the extensive variability of the large 
control sample did not permit such a 
determination. 

Assuming then that the most deter- 
minative data available under the pres- 
ent state of knowledge indicates that 
achievement in biology is less at the 
ninth-grade level than at the tenth- 
grade level, is the difference large 
enough and of such a nature as to be 
educationally important? The answer 
to this question is largely a judgmental 
matter. Though such information as is 
presented in Table II is helpful, the 
answer would also depend on how well 
other educational objectives had been 
reached. It is possible that the loss in 
achievement might be compensated for 
by other educational gains. 

I shall now turn to an examination 
of two such possible gains which were 
assumed to have been obtained from 
introducing ninth-grade biology in the 
two schools involved in this investi- 
gation. The hypothesis was made that 
ninth-grade biology and tenth-grade 
physical science would lead to a better 
knowledge of general science since the 
students who completed both courses 
would have had a two-year course in 
general science. This hypothesis was 
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tested with the Read General Science 
Test at the end of an elective tenth- 
grade physical science course. The re- 
sults are shown in Table III. 


TABLE Ill 


Ranks of Mean Scores of Groups of 
Students after Ninth Grade Biology 
and Tenth Grade Physical Science 

Using the Read General Science Test 


Teacher ea 1 2 Se 
Adjusted Rank 24/57 28/57 5/57 
Number of Students 98 21 31 





*Students in School B 


The results given in this table do not 
support the hypothesis except perhaps 
in the case of Teacher 3 where one 
must keep in mind that this is an in- 
stance where the teacher factor prob- 
ably entered the picture. The students 
of this teacher might have done just as 
well had they just finished the ninth- 
grade general science course with him. 
In fact, the students of teachers in five 
schools out of the 57 in the test stand- 
ardization group did perform just as 
well or better. 

The hypothesis that high school 
physics students would do better work 
in schools offering ninth-grade biology 


and tenth-grade physical science was 
tested in the same manner as were the 
other two hypotheses except that the 
Dunning Physics Test was the instru- 
ment. Here the results were encourag- 
ing as is shown in Table IV. 


TABLE IV 


Ranks of Mean Scores of Groups of 

Students after a Physics Course in the 
Eleventh or Twelfth Grade Using the 
Dunning Physics Test 


Teacher 1 2 Ls 
Adjusted Rank 38/42 1/42 7/42 
Number of Students 25 26 70 


*Students in School B 


Teacher 1 had a low ability class 
most of the members of which prob- 
ably should not have taken physics, or if 
they had done so, they should not have 
been rated on the basis of the test used. 
If one accepts this exception and looks 
upon the results as encouraging, it must 
be kept in mind that again they are not 
statistically conclusive. They do, how- 
ever, point out that the ninth-grade 
biology, tenth-grade physical science 
sequence is not inimical to high achive- 
ment classes in physics. 

On the whole the trends of results 


Experiments planned for each grade level should be evaluated in terms of the objectives of the entire 


course. 
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were negative toward the plan of ninth- 
grade biology and tenth-grade physical 
science. And, two sources in the litera- 
ture reinforce this picture (3,4). 

The limitations of the findings of this 
study illustrate the difficulty of evalu- 
ating a going-school situation objec- 
tively. One obvious limitation was the 
use of a single criterion test for each 
course. A statistical difficulty revolved 
around the problem that the many fac- 
tors influencing test scores caused such 
a wide variability that the effects of the 
curriculum change alone could not be 
detected at a level which would be statis- 
tically significant. 

In conclusion, it would seem that the 
change to ninth-grade biology and 
tenth-grade physical science should 
only be made if it is expected that there 
will be some loss in biology achieve- 
ment and that other gains will make 
the change worthwhile. Since local fac- 
tors, such as teacher interest, may 
greatly affect the success of the new 
program, it should be evaluated in 
terms of local objectives after giving it 
enough time for a fair trial. Inherent in 
the concept here presented is that the 
findings might indicate a return to the 
old program or a shift to another new 
program. 
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N November 24, 1859, John 
Murray, publishers of Albemarle 
Street in London, issued the first edition 
of 1250 copies of a book whose first 
few sentences read as follows: 
I will here give a brief sketch of the 
progress of opinion on The Origin of 
Species. Until recently the great 
majority of naturalists believed that 
species were immutable productions, 
and had been separately created. This 
view has been ably maintained by many 
authors. Some few naturalists, on the 
other hand, have believed that species 
undergo modification and that the 
existing forms of life are the descend- 
ants by true generation of pre-existing 
forms. 
This book was, of course, Charles 
Darwin’s The Origin of Species by 
Means of Natural Selection or The 
Preservation of Favoured Races in the 
Struggle for Life. The edition sold out 
on the first day of issue.? 

Charles Darwin (1809-1882) had 
been convinced that species were 





1A copy of a first edition of Origin of 
Species can be bought today for from $200 
to $500, depending on condition. However, 
the reader is advised that a later edition, with 
a special introduction by Sir Julian Huxley, 
is available as a Mentor Book, published by 
the New American Library, and sells for 50¢. 
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mutable by his observations during his 
voyage on H.M.S. Beagle (1831- 
1836), and he had been gathering facts 
in support of this theory since 1837. In 
1842, he produced a 35-page pencil- 
written abstract of his theory and two 
years later, in the summer of 1844, he 
prepared a 230-page hand-written, first 
draft of the Origin. The writing of the 
Origin took but a little more than a 
year. The following comment by Dar- 
win on his writing habits may be of 
interest to the reader.” 
Formerly I used to think about my 
sentences before writing them down; 





2 For a comprehensive insight into the life 
of Charles Darwin, the reader is referred to 
The Life and Letters of Charles Darwin, 
edited by Frances Darwin, Volumes I and II. 
Basic Books, Inc., New York. 1959. This 
book is the source on which all biographers 
of Darwin depend. It contains autobi- 
ographical recollections written by Darwin 
for his children. It was first published in 
1888, reissued many times since, and was out 
of print for many years. The present issue is 
in recognition of the anniversary. 





but for several years I have found that 
it saves time to scribble in a vile hand 
whole pages as quickly as I possibly 
can, contracting half the words; and 
then correcting deliberately. Sentences 
thus scribbled down are often better 
ones than I could have written de- 
liberately.* 


What kind of a man was Darwin? He 
was cautious, patient, modest, and self- 
critical. It was probably this combina- 
tion of traits that was largely respon- 
sible for the delay in producing the 
Origin, and for the orderly, irrefuta- 
bility of the evidence finally presented 
in the book. Eiseley says, 

The Origin and its author have a 
history which runs silently and mys- 

teriously through twenty years of ill 


health, lone effort, and corroding 
doubt. 





3 Life and Letters, p. 80. 

4 Loren Eiseley, Darwin’s Century, Evolu- 
tion and the Men Who Discovered It. 
Doubleday and Company, Inc., Garden City, 
New York 1958. p. 142. 
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In accounting for his success, Dar- 
win says: 


My habits are methodical, and this 
has been of not a little use for my 
particular line of work. Lastly, I have 
had ample leisure from not having to 
earn my own bread. Even ill-health, 
though it has annihilated several years 
of my life, has saved me from the 
distractions of society and amusement. 


Therefore my success as a man of 
science, whatever this may have 
amounted to, has been determined, as 
far as I can judge, by complex and 
diversified mental qualities and condi- 
tions. Of these, the most important 
have been—the love of science—un- 
bounded patience in long reflecting 
over any subject—industry in observing 
and collecting facts—and a fair share 
of invention as well as common sense. 
With such moderate abilities as |] 
possess, it is truly surprising that I 
should have influenced to a considerable 
extent the belief of scientific men on 
some important points.® 


We get an insight into Darwin’s 
methods from the following passage 





5 Life and Letters, p. 85-6. 
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concerning an aspect of his voyage on 
the Beagle. 


The investigation of the geology of 
all the places visited was far more im- 
portant, as reasoning here comes into 
play. On first examining a new district 
nothing can appear more hopeless than 
the chaos of rocks, but by recording the 
stratification and nature of the rocks 
and fossils at many points, always 
reasoning and predicting what will be 
found elsewhere, light soon begins to 
dawn on the district, and the structure 
of the whole becomes more or less 
intelligible.® 


Darwin’s interest in natural history 
began rather early. At the age of eight 
he collected shells and minerals. His 
interest in collecting persisted, and, in 
his university days, he collected beetles 
as a hobby. His comments on methods 
of university teaching are noteworthy. 


The instruction at Edinburgh was 
altogether by lectures, and these were 
intolerably dull, with the exception of 
those on chemistry by Hope; but to my 
mind there are no advantages and 
many disadvantages in lectures com- 
pared with reading.” 


What was Darwin’s contribution to 
the theory of evolution? It is well 
known that several of the early Greek 
philosophers had thought of the idea. 
Erasmus Darwin, the grandfather of 
Charles, wrote a poem called Zoonomia 
expressing the principle of evolution 
fifteen years before Charles was born. 
And in 1809, the great French biolo- 
gist, Jean Baptiste Lamarck, described 
a fully worked-out evolutionary theory. 
Everyone is, of course, familiar with 
the work of Alfred Russel Wallace, a 
contemporary of Charles Darwin. 
Wallace, after expeditions in the Ama- 
zon Valley and the Far East, independ- 
ently conceived the idea of natural 
selection. It was probably the knowl- 
edge of this discovery that stimulated 
Darwin to publish the Origin. Both men 
read their preliminary papers jointly at 
a meeting of the Linnaean Society in 
London in 1858. 


Darwin’s unique contribution was 
that he brought forth for the consider- 
ation of biologists, a storehouse of well- 
chosen facts which could be interpreted 
in only one way: in support of his 
theory of evolution and the mechanism 
of natural selection as the method of 





6 Life and Letters, p. 52. 
7 Life and Letters, p. 32-3. 


evolution. The Origin has been called 
a master synthesis. Waddington evalu- 
ates the influence of the theory of 
evolution in the following statement. 


In its effect on man’s general mode 
of thought about the world, the theory 
of evolution is at least as far-reaching 
as the most important earlier contri- 
bution of science, namely, Newton’s 
laws of motion and concepts of mass 
and force.® 


What is our position on evolution 
today? From 1859 until about 1925, 
Darwinism came in for a great deal of 
criticism. Since that time, Huxley sum- 
marizes,® a series of findings has re- 
sulted in the reconciliation of the 
apparent contradictions in Darwin’s 
theory. These discoveries included the 
conclusive demonstration that acquired 
characters cannot be inherited; that 
continuous evolutionary change can be 
brought about by the accumulation of 
many, small, discontinuous mutations 
under the guidance of natural selection; 
the demonstration by R. A. Fisher in 
1930 that heredity is particulate, i.e., 
dependent on distinct self-reproducing 
units or genes each of which could 
mutate into new self-reproducing forms; 
and the fact that most mutants are re- 
cessive. 


Huxley says that, 


Neo-Darwinism, as we may call the 
modern theory of gradual transforma- 
tion, operated by natural selection act- 
ing on a Mendelian genetic outfit of 
self-reproducing and self-varying genes, 
is fully accepted by the great majority 
of students of evolution.?° 


Darwin gave us a new understanding 
and point of view. During the past one 
hundred years, scientists in many fields 
have engaged in research stemming 
from his discoveries and formulations."' 





8S. A. Barnett. A Century of Darwin. 
Harvard University Press, Cambridge, 
Massachusetts. 1958. p. 5. 


® Charles Darwin. The Origin of Species. 
The New American Library (A Mentor 
Book), New York. 1958. (Introduction by 
Sir Julian Huxley), p. xii. 

10 [bid, p. xiii. 

‘1 For an account of the progress made 
in several fields, the reader is referred to A 
Century of Darwin, edited by S. A. Barnett, 
Harvard University Press, Cambridge, 
Massachusetts. 1958. This volume consists of 
fifteen articles prepared by authorities on 
Darwin’s contributions to evolution and to 
other fields ranging from embryology to 
botany, the social sciences, and ethics. 
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The Darwin Centennial Celebration, 
held at The University of Chicago dur- 
ing November 24-28, 1959, was organ- 
ized to take stock of the contributions 
of the theory of evolution to human 
culture during the past century. 

The ‘Celebration was conceived four 
years ago by Professor Sol Tax of the 
Department of Anthropology of The 
University of Chicago. During the past 
three years, forty-three scholars from 
all over the world were invited to 
examine the particulars of evolution 
from the vantage of their own special 
disciplines, and to prepare papers on 
the present status of evolutionary 
doctrine. These papers were inter- 
changed among the specialists, and 
were carefully read, criticized, and re- 
vised.1* The papers were also studied 
by the Celebration Committee in 
Chicago. After two years of study, it 





12 These papers will be published in 1960 
by The University of Chicago Press in two 
volumes, entitled The Evolution of Life, and 
The Evolution of Man. These will be the 
first two volumes in a three-volume series 
entitled Evolution After Darwin, The Uni- 
versity of Chicago Centennial. 


became clear that the questions raised 
by the scholars could best be con- 
sidered under five categories: The 
Origin of Life, The Evolution of Life, 
Man as an Organism, The Evolution of 
the Mind, and Social and Cultural 
Evolution. It was decided that each of 
these headings would serve as a subject 
for a separate panel discussion. 
Among the forty-three scholars who 
prepared papers for the Celebration 
were: Marston Bates of the University 
of Michigan; MacDonald Critchley of 
the National Hospital, London; Sir 
Charles Galton Darwin, grandson of 
Charles Darwin; Th. Dobzhansky of 
Columbia University; Hans Gaffron of 
The University of Chicago; G. F. Gause 
of the U.S.S.R. Academy of Medical 
Sciences; Ralph W. Gerard of the Uni- 
versity of Michigan; Sir Julian Huxley; 
Clyde Kluckhohn of Harvard Univer- 
sity; Alfred L. Kroeber of the Uni- 
versity of California, Berkeley; L.S.B. 
Leakey of the Coryndon Memorial 
Museum, Nairobi, Kenya; Hermann J. 
Muller of Indiana University; Alexan- 
der Van Muralt of the University of 
Berne; Fred Polak of the University of 


Rotterdam; Bernard Rensch of the Uni- 
versity of Munster; Harlow Shapley of 
Harvard University; George Gaylord 
Simpson of Harvard University; N. 
Tinbergen of the University of Edin- 
burgh; Leslie White of the University of 
Michigan; and Sewall Wright of the 
University of Wisconsin. 

In the autumn of 1959, thirty mem- 
bers of the faculty and fifty selected 
graduate students from twenty depart- 
ments of The University of Chicago 
studied the papers, and thought and 
talked through the issues in the study 
of evolution as seen under the five 
major headings. This group developed 
working documents that could serve as 
agenda for the five panel discussions. 

The panelists, who were the authors 
of the original papers prepared for the 
Celebration, met several days before 
the start of the meetings to give final 
form to the agenda. 

Some of the major questions listed in 
the agenda for the panel discussions are 
given below. In the time available, the 
panelists discussed many of the topics 
on the lists to determine whether there 
was general agreement, where qualifi- 
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cation was required, and where research 
was needed to resolve the questions 
that were at issue. 


PANEL I: The Origin of Life. 


The naturalistic view of life. 

The fact of Darwinian evolution. 

The origin of living things from non-living 
matter.!° 

The structure of nucleic acid. 

The uniformity of modern life on earth in 
its basic metabolic reactions. 


Can life originate under present condi- 
tions on earth?!4 

The probability of life on other planets.?5 

The possibilities of transport of germs 
through space. 


PANEL II: The Evolution of Life.1° 


The biologist’s meaning of “life.” 

The self-replicating and self-varying prop- 
erties of DNA. 

The Lamarckian and _vitalistic-ortho- 

genetic theories of evolution. 


The evolution of sex 17: 15- 

The study and analysis of the course of 
biological evolution as shown in fossils 
and as deducible from the data of 
taxonomy, comparative anatomy, ecol- 
ogy, and other sciences, etc. 

The integration of diversification, trans- 
formation, and stabilizations into 
the process we called biological 
evolution.!® 

The formulation of general rules and the 
the study of long-term trends operating 
in evolution. 





‘3 There were many references throughout 
the discussion of this and related questions 
to the work of Stanley L. Miller (and Harold 
Urey) in the synthesis of amino acids under 
possible primitive earth conditions. Dr. 
Miller synthesized amino acids by sending 
electrical discharges through atmospheres 
consisting of methane, ammonia, hydrogen, 
and water. (See Science, 1953, 117: 528; 
Journal of the American Chemical Society, 
1955, 77:2351; Science, 1959, 130:245.) 

14JIn his summary, Shapley said, “I think 
the answer is no—too much oxygen, too 
many bacteria . . . Can it occur in a test 
tube? The vote was yes .. .” The panelists’ 
estimates for the length of time it will take 
to create life in a test tube, ranged from an 
upper limit of 1000 years to the lower limit 
otfered by Panelist Muller who said, “I think 
I am going to shock you if you think you are 
optimists, because my answer is that those 
who go along with me in defining life as I 
do, will admit that the most primitive forms 
of life which deserve to be called living have 
already been made in the test tube.” 

15 Panelist Darwin was asked to com- 
ment on the probability of life existing on 
other planets. Using Chairman Harlow 
Shapley’s estimate that there are probably in 
the neighborhood of 102° stars likely to have 
planets, Darwin answered, “My calculations 
tell me that the probability of this being the 
only place where there is any life at all... 
is that though you have spun a coin sixty 
times, it came heads every single time.” After 
some discussions, Shapley commented, “This 
is all speculation, but I have to call to your 
attention that the place we have found life— 
in fact, practice it—is on just an ordinary 
planet around an ordinary star, a run-of-the- 
mill star, that is at the edge of one galaxy 
that has at least 100,000 million other stars, 
and that galaxy is one of billions. Therefore, 
it is asking too much to think that this is that 
one piace. I believe you would get heads 
once or twice in your sixty throws, all right.” 

16—In his introduction to Panel II, Chair- 
man Huxley said, “As we saw yesterday, life 
appears to depend on these self-replicating 
and self-varying or mutating organic macro- 
molecular strings of DNA, and in all organ- 
isms except a few viruses, so-called genetic 
and evolutionary information is carried by 
DNA organized into chromosomes in combi- 
nation with protein. That is the basis of 
evolution.” 

17 Jn discussing the role of sex in gener- 
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ating a large number of gene combinations 
and a continual shuffling of genes, Panelist 
G. Ledyard Stebbins posed the question, 
“Is sex necessary?” To which Panelist 
Dobzhansky replied, ““My answer is that it is 
at least desirable.” To demonstrate the 
amount of variation generated by this proc- 
ess, Panelist Wright then made several cal- 
culations to show the huge number of combi- 
nations produced by relatively small numbers 
of gene loci each with just a few alternatives 
or alleles. 


18 During the discussion of this topic, 
Panelist Ernst Mayr made the following very 
significant statement about the old belief that 
a gene controls a character. “Genes do 
nothing of the sort, particularly in higher 
organisms. The gene produces some kind of 
a gene product by itself, an enzyme or some 
kind of protein that we do not know about, 
and that is eventually fed into the total de- 
velopmental stream. It is part of the total 
genetic pattern . . . and exaggerated state- 
ments have been made that every gene con- 
tributes to every character of the organism, 
and that every character of the organism is in 
part shaped by every gene. 


“Therefore, let us keep in mind that a 
gene, for instance, which does such an un- 
important thing as, let us say, controlling a 
slight matter of pigment pattern on the out- 
side scale—that the very same gene may 
control longevity, aggressiveness, heat toler- 
ance, all sorts of things. This is one of the 
most important findings of physiological 
genetics, and has more far-reaching effects on 
the interpretation of evolution. Therefore, 
let us never go back to the old concept that 
a gene controls a character.” 

19 At this point in the discussion, Panelist 
A. J. Nicholson reported on a fascinating 
case of natural selection that took place 
before his eyes as he was performing an 
experiment in population dynamics with the 
Australian blowfly. 
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The recent development of a “synthetic” 
theory of evolution linking the findings 
of many separate disciplines. 


PANEL III: Man as an Organism. 


The status of man in the biological world. 
The course of human evolution.?®% 21. 22 
The factors of human evolution. 


PANEL IV: The Evolution of the Mind. 


The influence of Darwin on the behavioral 

sciences.?* 

The evolution of the mind and of be- 
havior studied as any other organic 
function.** 25. 26 

Human and sub-humans compared as to 
mind and behavior. 


The relation of culture and the evolution 
of the mind. 

The supplementing of ‘genetic evolution 
by cultural evolution with the advent 
of civilization.*7: 78 


PANEL V: Social and Cultural Evolution. 


The unique ability of human beings to 
produce culture.°° 





20 Panelist Bates brought attention to 
Raymond A. Dart’s Adventures with the 
Missing Link, Harper and Brothers, New 
York. 1959, and to Dr. Leakey’s forth- 
coming book that will describe his discovery 
of Zinjanthropus boise’. 


21 The response to the question, “Is Homo 
sapiens showing evolutionary traits?” was 
affirmative. The following were cited as 
examples: Increase in height, loss of hair, 
loss of wisdom teeth, loss of little toe, 
rounder head, and more sunken face. 


22 Panelist Rensch said, in discussing this 
topic, that man’s somatic future is unpre- 
dictable. 


23JIn responding to a question on the 
extent to which computers think, Chairman 
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Gerard said that he was reminded of the 
following story. “A very fancy, new, high 
level electronic computer had been built 
that could do all sorts of things, and its 
creator fed into it a great deal of information 
about man’s knowledge and behavior and all 
sorts of other things, and deposited the ques- 
tion, ‘What is the level of human thought?’ 
And the electronic gadget swirled and finally 
out came some typing and a card fell out of 
the machine, and it said, ‘That reminds me 
of a story.’” 


24In discussing this question, Panelist 
Tinbergen said, “We do know several ani- 
mals that do use tools in the fullest sense of 
the word. One example is the Galapagos 
finch that lives rather like a woodpecker, but 
instead of having developed the wood- 
pecker’s bill it uses the spine of a cactus and 
probes in cracks and really gets at insects in 
that way. That is the use of a tool in the 
fullest sense of the word. All the individuals 
of the population, as far as is known, do that. 
Unfortunately, we don’t know how it de- 
veloped in ontogeny, but I think we can make 
a pretty good guess that this is not learned, 
although this is a guess and has not been 
analyzed. 


“Another example is the case of the sea 
otter which carries a stone on its tummy, 
and when it has got hold of a mussel, it will 
float on the waves, and hammer the mussel 
against the stone, and crack the mussel 
in that way. That, I think, is the definition 
of the use of a tool. Again, the whole 
population does it, and again we don’t know 
whether they learn it or not.” 


In a later panel discussion, Huxley said 
that it was his opinion that this type of be- 
havior was determined genetically. 


25In response to the Chairman’s ques- 
tion, “Can you think of any example in ani- 
mals where you can clearly see invention, 
sanctions transmission of knowledge . . . ?” 
Tinbergen replied, “As many of you may 
know, in Britain the titmice have developed 
a habit of opening milk bottles that are 
dropped at the front door in a hurry by the 
milkman, and which have been standing out 
for about two hours. From a study by Fisher 
on the spread of this act through Britain, we 
learn that this has arisen in many different 
places in Britain, and then, from that, it 
must have spread through the population, 
probably through the titmice of the same 
generation or another. 


“There is no doubt that this is an example 
where a bird has done a new thing; not of 
one individual in a population, but of a 


number of them, and that all of them have 
acted, in fact, as teachers . . . and this thing 
is now so widespread that most doors have a 
stone in front of them which is then put on 
top of the bottle of milk. 


“This is a very unique thing. We know of 
very few examples of this .. .” 

*6 In this discussion Panelist Critchley 
made the following interesting statement. “It 
seems to me that one of the principal gaps in 
our understanding of this smooth, orderly 
progression between the simple and highest 
representatives of the primates and the lowest 
representatives of Homo sapiens is to explain 
the abrupt introduction of language; because 
no matter how vocal an animal is, or how 
rich its knowledge of sounds, it cannot, 
strictly speaking, be spoken of as being 
endowed . . . with either speech or with 
language. At the very most, we can use the 
term, ‘animal communication.’ At the present 
there seems to be no real connection between 
animal communication and human speech or 
language.” 


27 Panelist Critchey made the follow- 
ing concluding remarks: “My long-term 
prophecy is that in the remote future, the 
inhabitants of the earth will possibly use 
some form of communication other than 
words, other than linguistic systems; or else 
if they do not, they will have to use a vastly 
improved linguistic system because at the 
present time words are not enough.” 


28 Panelist Von Muralt made the follow- 
ing concluding remarks: “I think that the 
situation of the neurologists is a bit the same 
as that of the astronomers. We are begin- 
ning to understand a little something about 
the functioning of one single motor unit, or 
of one single nerve cell. And the more we 
learn about it, the more we see that we are 
just at the beginning of understanding it. 


“If we now think that in one gram of 
brain substance there are various millions of 
such cells interrelated, I think the only atti- 
tude which we can have toward the future 
is one of pessimistic courage.” 


29 The working agenda for this panel in- 
cluded the following statement: “In man, 
biological evolution through gene shuffling, 
selection, and mutation can go on simul- 
taneously with cultural evolution, and they 
are both operative. But cultural evolution 
has become much the more effective and 
dominant. The time seems past when bio- 
logical evolution, in any single species other 
than man, or in all of them combined, could 
rival or surpass man’s cultural evolution— 
the opposite seems already to be true.” 
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The independence of cultural evolution in 
Homo sapiens of gene differences be- 
tween human subgroups or races. 

Major breakthroughs in human cultural 
evolution.?° 


Why most anthropologists and students of 
culture are less concerned with adapta- 
tion and its relentless flow than are 
biologists. 

Culture history as a counterpart in 
anthropology and the social sciences to 
genetic evolutionary science. 

A greater awareness of evolution and of 
the future as well as the past.?! 


The five panel discussions formed the 
nucleus of the Darwin Centennial Cele- 
bration. However, the Celebration was 
made even more stimulating and en- 
joyable by other events. One of these 
was a delightful, original musical play 
on the life of Darwin called, Time Will 
Tell. Dr. L. S. B. Leakey gave an illus- 


trated lecture entitled, “The Origin of 
the Genus Homo” in which he reported 
his discovery of Zinjanthropus boisei, 
called by Leakey the “first unquestion- 
able man.” Sir Charles Galton Darwin, 
a grandson of the evolutionist, gave 
another illustrated lecture on “Darwin 
the Traveler.” A feature of the Cele- 
bration was a special institute on 
Darwinism for high school biology 
teachers. 


During the Celebration, the Feder- 
ated Theological Faculty of The Uni- 
versity of Chicago held an Institute on 
Science and Theology. The institute in- 
cluded lectures on the philosophical 
and theological implications of the 
theory of evolution, and a panel dis- 
cussion to examine the relation of 
science and religion. 

One of the highlights of the entire 
session was an address, “The Evolu- 


tionary Vision,” by Sir Julian Huxley at 
a special convocation. 

We can find no better way of bringing 
this account to a close than by calling 
the attention of all teachers, and parti- 
cularly science teachers, to a paragraph 
in Sir Julian’s address which expresses 
what education should help man to 
attain. 

The important ends of man’s life in- 
clude the creation and enjoyment of 
beauty, both natural and man-made; 
increased comprehension and a more 
assured sense of significance; the pre- 
servation of all sources of pure wonder 
and delight, like fine scenery, wild 
animals in freedom, or unspoiled 
nature; the attainment of inner peace 
and harmony; the feeling of active 
participation in embracing and endur- 
ing projects, including the cosmic 
project of evolution. It is through such 
things that individuals attain greater 
fulfillment.** 





80 The major breakthroughs recognized 
by the panel are the following: 


1. Food production, beginning gradually 
about 7000 B.C. 


A syndrome centering around 3000 
B.C. in which writing, metallurgy, 
urbanization, and political structures 
were first evolved. 

. 3. The doctrinal and institutional organi- 
zation of religions from about 600 B.C. 


4. A grade of civilization characterized 
by rapid and progressive development 
of science, technology, invention, in- 
dustry, and wealth, beginning about 
1600 A.D. 


81 Perhaps the most provocative of the 
statements made at the Celebration were these 
of Panelist Muller to this point. Muller out- 
lined a program for the guidance of human 
evolution. Muller feels that individuals must 
recognize their responsibility “not only for 
the education and living conditions, but also 
for the genetic endowment, of the generations 
succeeding them.” Man’s attitude toward re- 
production must be “more rational and more 
socially-directed.”. To achieve this end, 
Muller said, “some long entrenched attitudes, 
especially the feelings of proprietary rights 
and prerogatives about one’s own germinal 
material, supported by misplaced egotism, 
will have to yield to some extent.” Foster 
pregnancy, made possible through the tech- 
niques of artificial insemination, would be 
welcomed under this “new morality.” This 
trend would be promoted as our techniques 
were improved to allow for the transfer, 
maintenance, testing, selection, and mani- 
pulation of both male and female germ cells 
or potential germ cells. This would make 
possible the adoption of children before 
fertilization (“pre-adoption”). These repro- 
ductive cells could have been derived from 
persons dead for many years. Banks of deep- 
frozen reproductive cells, possibly in culture, 
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could be maintained. We could thus store 
and use the best genetic material of all man- 
kind—the genetic endowments of individuals 
such as Lincoln, da Vinci, and Shakespeare. 
Muller also described a special kind of 
parthenogenesis which would make the 
nature of progeny even more predictable. 
The offspring obtaining his hereditary 
material entirely from one individual would 
be a genetic twin of that individual. This 
could be accomplished, Muller explained, by 
extracting the nucleus from a fertilized hu- 
man egg, and inserting in its place another 
nucleus obtained from a cell of a pre-existing 
individual, specially chosen for outstanding 


traits or potentialities. It would thus be 
possible to bring back to life outstanding 
persons long since dead, a physical im- . 
mortality. Experiments of this kind have 
succeeded in creating parthenogenetic frogs. 
Muller feels that extending this method to 
mammalian and eventually to human fer- 
tilized eggs does not seem at all farfetched. 

32 The full text of Sir Julian’s convo- 
cation address and of the proceedings of the 
five panel discussions will be published in 
1960 by The University of Chicago Press as 
Issues in Evolution, Volume Ill of Evolution 
After Darwin, The University of Chicago 
Centennial. 
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AO Reports on Teaching with the Microscope 


Osmotic Action and Reaction or Social Life Among the Molecules 


Here are two very short experiments that 
could be incorporated in a single class ses- 
sion. Both provide a brief, though enlighten- 
ing introduction to the study ne pom 9 
The first experiment by Dr. Frank E. Wolf 
presents the subject in its “growing phase”. 
Mr. John A. Burns contributed the second 
experiment which is concerned with the “‘net 
movement” of osmosis. Both give an excel- 
lent visual demonstration of circulation and 
activity that takes place when a solvent and a 
solution tend to equalize their concentrations. 


EXPERIMENT 


Simulated Life Processes 


By: Dr. Frank E. Wolf 
Professor of Biology 
State Teachers College 
Fitchburgh, Mass. 


Early in some biology courses, it is customary 
to make comparisons between living and non- 
living things. Sometimes a chemical garden 
demonstration is used to motivate an explo- 
ration into these differences. The garden 
meets some of the criteria of both categories: 
the “plants” apparently grow, reproduce, 
move, etc. All of these life processes are in 
some way dependent upon osmosis, for which 
the chemical garden is also an excellent dem- 
onstration. The following demonstration 
goes one step further. With the aid of the AO 
Spencer Cycloptic Stereoscopic Microscope, 
the process of circulation may be observed in 
achemical garden “plant”. 


MATERIALS AND PREPARATION: 


AO Spencer Cycloptic Stereoscopic Micro- 
scope, small containers such as one dram 
screw top vials or microtechnique test tubes, 
water glass (sodium silicate), ferric chloride 
and/or nitrates of cobalt, nickel, manganese, 
iron, lead, and copper; sulfates of copper, 
aluminum, iron, nen | nickel; chlorides of co- 
balt, manganese, and copper. 





Fig. 1 


Dilute the water glass one part to three 
parts of water for a relatively slow reaction; 


or one to one for a faster reaction; forty per- 
cent is probably the most convenient, all- 
around strength. 


PROCEDURE: 


Fill a small container with the diluted water 
glass and add a small lump of ferric chloride 
or other compound listed. Observe under the 
stereoscopic microscope (Figure 1). 


OBJECTIVES: 


1. Observe the membrane-like sacs “grow- 
ing” from the ferric chloride. Note that as 
the sac forms a tube, “cells” appear. 


2. Focus on the inside of a growing tube and 
note the process of “circulation” taking 
place (Figure 2). 





Fig. 2 


NOTE: The stronger water glass solutions 
cause faster reactions with better views of 
circulation, but less well-defined cells. The 
weaker solutions are recommended for less 
experienced viewers because the reaction is 
slower and easier to follow. In either case, 
the demonstration proves exciting and quite 
interesting. 


EXPERIMENT 


To observe effects of molecular action in- 
cluded in study of osmosis. 


By: John A. Burns 
Vestal Central School 
Vestal, N.Y. 


MATERIALS AND PREPARATION: 


Two AO Spencer No. 66 Student Micro- 
scopes, two microscope slides with cover 
slips, water, molasses, carmine red dye, and 
two probes or needles. 


PROCEDURE: 


Prepare two slides; the first a temporary 
mount of carmine dye in water, the second a 
temporary mount of the dye in molasses. 
Both may be easily made by dropping 2-3 
drops of water (or molasses) on slide, then 
transferring a few grains of the carmine dye 
on the end of a needle into the water (or 
molasses) and stirring. Add cover slip, place 
each slide under high power (43X) of micro- 
scope (Figure 3), and focus until vibration of 
tiny dye particles is observed. 





Fig. 3 


OBJECTIVES: 


1. Look for vibrating movement of dye par- 
ticles in water slide. This “jiggling” of 
minute particles is called Brownian Move- 
ment, and is caused by rapid-moving water 
molecules hitting against visible dye par- 
ticles in random ey Even though 
the water molecules can’t be seen, their 
presence is revealed by their effect on the 
dancing dye particles. 


2. Now look for slower, more sluggish vi- 
bration of dye particles in molasses slide. 
Large, slow-moving sugar molecules 
bounce the dye particles far less vigor- 
ously. 


APPLICATIONS: 


Students can visualize relative size of water 
and sugar molecules by observing their ac- 
tivity on dye particles. The small water mole- 
cules are active, move rapidly and therefore 
can be imagined as minute. By comparison 
the sugar molecules can be visualized as huge, 
due to their sluggish effect on the dye par- 
ticles. 

By combining the ideas of molecular sizes 
and activities with the concept of membrane 
permeability, an understanding of osmosis 
evolves. Students can then understand basic 
reasons why the standard carrot, potato, or 
beef bladder osmometer operate as they do, 
and thus can see how absorption can occur 
in plants, animals, and in the human body. 
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tinue it. 
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offer is renewed. Send us your favorite experi- 
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experiments, the one bearing the earliest post- 
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A Blood Research Projec 
With Gifted Students 


PECIAL projects are often sug- 
gested as means of interesting and 
stimulating the gifted student. Since 
accumulation of knowledge is also a 
goal in the secondary school, why not 
combine these two objectives in a 
worthwhile research project? 
_ Start with a question. There are 
many unanswered ones in science. Ours 
was the teasing question, “What are the 
components of the rest (residual or un- 
determined) nitrogen of the blood in 
kidney disease? Every textbook dis- 
cussing chemical components of the 
blood lists a value of 25 to 35 mg per 
100 ml for the total nonprotein nitro- 
gen of a healthy adult. Of this, 10 to 15 
mg is contributed by urea nitrogen, 2 
to 3.5 mg by uric acid nitrogen, and 1 
to 2 mg by creatinine nitrogen. The 
remaining 5 to 18 mg is simply titled 
“undetermined nitrogen.” In kidney 
disease this value is even higher and 
may make up 45 per cent of the total 
nonprotein nitrogen fraction. 
Formulate a hypothesis. Try to find 
a probable answer and proceed on the 
basis that it is correct until proven 
otherwise. We began with the hypo- 
thesis that, at least in cases of kidney 





NOTE: This “Here’s How I Do It” chem- 
istry project was presented by the author 
at the 1959 Atlantic City Convention of 
NSTA. Initially, a grant was awarded under 
the Future Scientists of America Founda- 
tion program for this on-the-job research 
project. 
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By ETHELREDA LAUGHLIN 


Science Teacher, Cleveland Heights High School, Cleveland, Ohio 


disease, a large part of the rest nitro- 
gen of the blood is composed of 
guanidinium compounds. Five were 
chosen for our study. 


Guanidinoacetic acid H — N — CH,COOH 
C= NH 
| 
NH, 


Arginine NH,—C—NH—CH,—CH,—CH, ~CHNH,—COOH 
I 
NH 
Methyl guanidine CH, H H 4H 
\ / \/ 
N ‘'N 
he 
Cc 
| 
NH 
Creatine CH, —-NCH,COOH 
== NH 
| 
NH, 
Creatinine H H 
‘ae 
c—c=—oO 
ft \ 
H,C —N NH 
ie po 
A 
Cc 
| 
NH 


One, creatinine, is well known but was 
necessary for obtaining creatine values. 

Choose the gifted students. This was 
very difficult in our large high school. 


The four of us teaching chemistry made 
lists of our “A” students; then the guid- 
ance department was brought in. The 
standard for “gifted” was arbitrarily set 
as follows: IQ above 130, Lee Alge- 
braic Aptitude Test score above 120, 
and reading level (California test) 
above 12.0. 


Since working space for projects is 
very limited at the school, only six were 
chosen. This number was later in- 
creased to eight. Scheduling the boys 
was difficult. The brightest in the school 
are also in many activities and carry the 
heaviest class programs. Some could be 
scheduled for only three class periods 
per week, but all agreed to stay after 
school and come in on Saturday morn- 
ings when necessary. 


Plan the program. First, techniques 
had to be learned for use of the analyti- 
cal balance and the centrifuge. Pipet- 
ting had to be mastered and care of 
glassware learned. Since results are 
meaningless unless techniques are mas- 
tered, many weeks were spent just 
practicing. 


Next, standard curves had to be 
drawn for each of the five compounds 
studied so that colorimeter readings 
obtained from blood could be con- 
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You Can Depend on the GENATRON 






@ The MODERN Electrostatic Generator on 
_s 
THE CAMBOSCO GENATRON serves not only for classical o : 
experiments in static electricity, but also for new and dramatic ' 
demonstrations that are not performable by any other means. It i 
exemplifies a modern method of building up the tremendously high af | 
. . 


voltages required for atomic fission, for nuclear research, and for 
radiation therapy. 


Entirely self-exciting the GENATRON cracks into action at 
the snap of the switch—whose only function is that of starting the 
motor drive. No auxiliary charging method is employed. Hence, 
despite an output measured in hundreds of thousands of volts, no 
hazard is involved, for the operator or for the observers. 
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An Output of 250,000 Volts—or More! 


THE CAMBOSCO GENATRON is designed to deliver, in 
normal operation, a discharge of the order of 250,000 volts. That 
figure, a conservative rating, is based on many trials conducted 
under average conditions. With ideal conditions, a potential differ- 
ence of 400,000 volts has been achieved. 





GENATRON, WITH MOTOR DRIVE 


Operates on 110-volt A.C. or 110-volt D.C. 
Includes: Discharge Terminal, Lucite Insulat- 
ing Cylinder, Latex Charge-Carrying Belt, Dis- 
charge Ball with Flexible Shaft, Accessory and 
Ground Jacks, Cast Metal Base with built-in 





Sturdy con- 


Modern Design — struction and 








ever-dependable performance distin- 
guish the GENATRON from all elec- 
trostatic devices hitherto available for 
demonstration work in Physics. This 
powerful, high-potential source, reflect- 
ing the benefits of extensive experi- 
ence in electrostatic engineering, has 
absolutely nothing but purpose in 
common with the old-fashioned static 
machine! 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of 
the GENATRON which, with the ex- 
ception of insulating members, is con- 
structed entirely of metal. 

The only part subject to deteriora- 
tion is the charge-carrying belt, which 
is readily replaceable. 


NO TRANSFER BODIES—In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical 
charges are collected and conveyed 
(from rotating plates to electrodes) 
by a system of “transfer bodies.” Such 
bodies have always taken the form of 
metal brushes, rods, button disks or 
segments-—each of which, inevitably 
permits leakage of the very charge it 
is intended to carry, and thereby 
sharply limits the maximum output 
voltage. 

It is a distinguishing difference of the 
GENATRON that electrical charges, 
conveyed by a non-metallic material, 
are established directly upon the dis- 
charge terminal. The attainable volt- 
age accordingly depends only upon the 
geometry of that terminal and the di- 
electric strength of the medium by 
which it is surrounded. 





Unique Features of the 


CamboscO Genatron 


enema ty Charges accumulate on, and dis- 


charge takes place from, the 
outer surface of a polished metal ‘‘sphere’’—or, 
more accurately, an oblate spheroid, 

The upper hemisphere is flattened at the pole 
to afford a horizontal support for such static 
accessories as must be insulated from ground. 
A built-in jack, at the center of that horizontal 
area, accepts a standard banana plug. Connec- 
tions may thus be made to accessories located 
at a distance from the GENATRON. 


CHARGE. To the terminal, charges are 
CARRYING conveyed by an endless band 
BELT of pure, live latex—a CamboscO 

development which has none of 
the shortcomings inherent in a belt with an 
overlap joint. 
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High voltage demons trations 
often require a ‘“‘spark gap 
pin as can be varied without immobilizing 
either of the operator’s hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance (over 
7. cst range) from the discharge ter- 
minal. 


BASE...AND Stability is assured by the 
DRIVING massive, cast metal base— 
MECHANISM where deep sockets are pro- 

vided for the flexible shaft 
which carries the discharge ball, and for the 
lucite cylinder which supports, and insulates, 
the discharge terminal. 

The flat, top surface of the base (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL 

The overall height of the 
DIMENSIONS GeNATRON is 31 in. Diam- 
eters of Discharge Ball and Terminal are 
respectively, 3 in. and 10 in. The base 
measures 5% x 7 x 14 in, 








CAMBOSCO SCIENTIFIC COMPANY 


37 ANTWERP ST. * BRIGHTON STATION * BOSTON, MASS. 


Motor Drive, Connecting Cord, Plug, Switch, | 
| 


and Operating Instructions. 
II dics cnntcsuncokpucnaioncxensonceumiteel $98.75 














GENATRON, WITH SPEED CONTROL 

Includes (in addition to equipment item- 
ized under No. 61-705) built-in Rheostat, 
for demonstrations requiring less than mari- 
mum output. 


BBD. GQBaTOB 20... .ccrcececcrccecesoosercecsessorscees $109.00 





No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708 $3.00 
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verted directly to milligrams per 100 
ml of blood. 

We used a modification of the 
Sakaguchi color reaction described by 
Van Pilsum et al. (Journal of Biological 
Chemistry, 222:225, 1956). The pro- 
cedure had to be changed somewhat to 
utilize the equipment we had. Instead 
of a spectrophotometer we used a Klett 
colorimeter, and so required larger vol- 
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Ronald Kaye, right, starts to centrifuge tubes after adding protein precipitating reagents to blood. 
Homer Guffin records data. (Senior class, Cleveland Heights High School.) 


umes. Since several of the procedures 
could not be carried on one step follow- 
ing another, time intervals had to be 
varied to fit into our school day and 
individual student’s schedule. Our 
readings were made at 520 my instead 
of at 515 my suggested by Van Pilsum. 
The green filter provided us with a wave 
length closest to the ideal. 

Standard solutions were made of 
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FIGURE 1. 
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OUTSTANDING 16MM 


SCIENCE FILMS IN COLOR FOR 
ELEMENTARY AND HIGH SCHOOL 
GRADES 

lien 


ANIMAL LIFE AT LOW TIDE 
11 Min. $110.00 Elem-int-J.H. 


AQUARIUM WONDERLAND 
11 Min. $110.00 Elem-Int-J.H. 


COPPER MINING 
14 Min. $135.00. Elem-Int-JH. 


DAMS 
14 Min. $125.00. Int-JH-SH. 


DRILLING FOR OIL 
22 Min. $200.00. Int-JH-SH. 


EARTHWORMS 
11 Min. $110.00. Pri-Elem-JH-SH. 


HAWAIIAN ISLANDS, THEIR 
ORIGIN AND NATURE TODAY 
10 Min. $100.00. Elem-Int-JH-SH. 


HOW ELECTRICITY IS PRODUCED 
11 Min. $110.00. Elem-int. 


INSECT COLLECTING 
14 Min. $135.00. Elem-Int-JH-SH 


INSECT FOODS 
14 Min. $135.00. Int-JH-SH-Col. 


LADYBIRD STORY, The 
11 Min. $110.00. Int-JH-SH-Col. 


LITTLE ANIMALS 
11 Min. $110.00. K-Pri-Elem. 


MICROSCOPIC WONDERS IN 
WATER 
11 Min. $110.00. Int-JH-SH. 


TOADS 
10 Min. $100.00. Elem-Int-JH-SH. 


WIND AT WORK 
11 Min. $110.00. Elem-Int. 


WORKING WATER 
14 Min. $125.00. Elem-int-JH. 
—SALE ONLY— 


Write for descriptive catalog, 
Study Guides and Previews to 


PAT DOWLING 
PICTURES 


1056 S. Robertson Blvd. 
Los Angeles 35, Calif. 


Rentals available from many University, 
State, Regional and Public Libraries. 
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by 

Arthur O. Baker 
Lewis H. Mills 
Julian Tanczos, Jr. 


Over the years, you have probably relied on DYNAMIC 
BIOLOGY and DYNAMIC BIOLOGY TODAY to do 
the most effective teaching job for you. Today, NEW 
DYNAMIC BIOLOGY becomes the textbook for tomorrow. 
Make no mistake about it; it is a new text written by three 
of America’s outstanding scientists whose distinguished 
talents are known across the nation. 

NEW DYNAMIC BIOLOGY’s “formal organization” 
permits a full and thorough study of each important bio- 
logical function or life process. Each life process is presented 
in a separate chapter. This makes possible for the first time 
a clear systematic step-by-step picture of the world of biology. 

NEW DYNAMIC BIOLOGY devotes far more space 
to functional color illustrations than any other biology text. 
There are 29 full pages of four color illustrations. Functional 
use of color enables the biology student to grasp important 
biological concepts with greater ease. This allows complex 
subject matter to be spread throughout the text and to be 








GENERAL SCIENCE TODAY... 
by Phil R. Gilman, L. F. Van Houten 


. .. introduces your students to an elementary 
understanding of chemistry, physics, biology, 
and atomic energy, not in terms of abstract 
and difficult theoretical principles but in terms 
that will inform and show them how they can 
use this scientific knowledge in their adult life. 

Short paragraphs written for easy compre- 
hension explain scientific principles, and illus- 
trations show their practical application in 
every-day life. 

GENERAL SCIENCE TODAY gives 
students who will continue in science a solid 
basic understanding of all sciences . . . it gives 
others a good insight into the application of 
science in their life. 








presented step by step. NEW DYNAMIC BIOLOGY is 
the first book to succeed in avoiding crowding or over- 
simplification which has been characteristic of color illus- 
trations in science texts. The many magnificent color 
illustrations and pictures appear adjacent to the text copy 
which explains them. 

A NEW DYNAMIC BIOLOGY teacher’s manual 
accompanies the text with tests and many other suggestions 
on new educational approaches to biology. 

No one knows better than you, the biological challenge of 
our times. Your imaginative teaching role is a demanding 
one and we deeply feel you will find NEW DYNAMIC 
BIOLOGY the only reliable and indispensible up-to-date 
text through which you can directly make the teaching of 
biology dynamic and meaningful to the future citizens now 
sitting in your classroom. 

Rand McNally will be pleased to send you more complete 
information on NEW DYNAMIC BIOLOGY. Write: 


Rand M‘Nally & Company 





Box 7600, Chicago 80, lilinois 











switch in seconds 


( from projection of microscope slides to 
| projection of transparencies with the 


LEITZ PRADO MICRO - PROJECTOR 


The ultimate in convenience for use in classroom, con- 
ference room or lecture hall, the PRADO Micro-Projector 
delivers screen images of unrivalled brilliance, clarity 
and definition. With Micro Attachment it produces mag- 
nifications up to 2400x on screens at a distance up to 
40 feet; with a film slide carrier and lens inserted, the 
PRADO projects 2” x 2” or of 2%” x 2%” transparencies. 
And you can switch from micro to film slides in seconds 
—easily. The revolving nosepiece of the Micro Attachment 
holds three objectives : 3.5x, 10x and 25x. The high power 
objective is equipped with spring-loaded mount. Micro 
attachments are available which allow the stage to be 
placed in a horizontal position to accommodate wet mounts. 








Light from the 500-watt lamp is projected through 
aspheric condensers in the PRADO, which is blower-cooled. 


The PRADO Micro-Projector is portable, and may be 
carried easily from room to room and used wherever 
there is an electrical outlet. 


For illustrated PRADO Micro-Projector Brochure, write 
to Dept. ST-11. 


1. PRADO as Micro-Projector for microscopic slides 2, PRADO as 
standard projector for film slides 3. Attachable reflecting prism 
for tracings 4. Polarizing Attachment for polarization demonstra- 
tion &. Large Vertical Micro Attachment for wet mounts 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
BietrioOuters of the 
Ernst Leitz G.m.b.H.,Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS -: PROJECTORS - LENSES - MICROSCOPES -: BINOCULARS 


worid-famous products of 
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RONNIE SHERMAN, SCHOOL PHOTOGRAPHER 


Barry Bassett and Steve Ellis, seniors. Barry adds reagents to tubes in ice bath while Steve makes 


colorimeter readings. 


each nitrogen compound to contain X, 
0.1 mole/0.1 ml, so that one milliliter 
of solution was equivalent to 1 x 1077 
moles. (Figure 1.) 

The Sakaguchi color reaction can be 
performed directly for guanidinoacetic 
acid, arginine, and methyl guanidine. 
The procedure used is as follows: 

1. The colorimeter tubes containing 
solutions to be measured are chilled 
in an ice bath. 

2. 1.0 ml of alkaline-naphthol-thymine 
mixture is pipetted into the tubes. 

3. After mixing, 0.4 ml of NaClo 
solution is added with immediate 
mixing. 

4. Exactly one minute later, 0.4 ml of 


Na,.S,O. solution is added with im- 
mediate mixing. 
5. The tubes are read at 520 mz. 
Creatinine, to be read colorimetri- 
cally by this procedure, must first be 
converted to methylguanidine. This is 
accomplished as follows: 


Tube 1 (Reagent tube) 


1. Add 2 drops of o-nitrobenz- 
aldehyde. 

2. And 0.4 ml of 1.25 N NaOH. 

3. Mix and let stand 20 minutes. 

4. Add 1 ml phosphate buffer-H,SO, 


mixture and mix. 
5. Heat in boiling water bath for 10 
minutes. 


Robert Lewis uses the analytical balance. 
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“.. tRuste wel that alle 
the conclusions that 
han Be founde, oR ellys 
might Be founde In so 
noBle an instRumeENt as 
IS an astrelaBle BEN 
unknowe parfitly to 
eny mortal man in this 
REGIOUN.” 


Geoffrey Chaucer, 
“A Treatise on the Astrolabe,"’ 139! 



































Chaucer's treatise, written for his 
son, explained the most advanced 
scientific astronomical instrument 
of the time, the astrolabe. Today’s 
‘mortal man’’—and child —have the 
privilege of studying astronomy and 
the space sciences with the aid of 
the precision engineered Standard 


Model Spitz Planetarium. 


For information write: 


DEPARTMENT S 


SPITZ LABORATORIES, Inc. 


DELAWARE 





YORKLYN, 








4 OUTSTANDING TEXTS 


THOROUGHLY TESTED IN COLLEGE AND HIGH SCHOOL COURSES 


PRINCIPLES OF PHYSICAL SCIENCE 


By Francis T. BONNER, State University of New York, 
AND MELBA PHILLIPS, Washington University 


“Few beginners’ texts offer so wide a scope, so much that is technical with so little that is 

mathematical, and so little of condescension or evasion. The book merits consideration not 

only for the liberal arts science course but for public education and secondary school 
teacher training.” 

American Journal of Physics 

736 pp, 349 illus, 1959—$8.75 


INTRODUCTION TO CONCEPTS AND THEORIES 
IN PHYSICAL SCIENCE 


By GeRALD Hotton, Harvard University 


“The best guide this reviewer has seen for those interested in giving an introductory course 

in physics with a philosophical approach to the experimental and theoretical interpretation 
of the physical world.” 

Physics Today 

650 pp, 260 illus, 1952—$8.00 


FOUNDATIONS OF MODERN PHYSICAL SCIENCE 


COLLEGE 








By GeraLp Hotton, Harvard University, Ano DuANE H. D. ROLLER, 
University of Oklahoma, under the editorship of Duane Roller 


“Its wide adoption will do much to improve the quality of freshman instruction in physics. 

It will be a valuable addition to the reference shelves of professional physicists and of 
physics instructors at all levels from high schools to graduate schools.” 

Physics Today 

782 pp, 270 illus, 1958—$8.75 


PHYSICS, Third Edition 


By Francis Weston Sears, Dartmouth College, 
AND MarK W. ZEMANSKY, City College of New York 


The new edition of an internationally popular text for students of liberal arts, science and 
engineering. Only elementary trigonometry is assumed; physical principles are emphasized. 
The numerous changes and additions make the book even more teachable and under- 
standable. 

Complete, 1024 pp, 765 illus, 3rd ed. 1960—$9.75 

Part 1, 468 pp, 328 illus—$5.75 

Part 2, 559 pp, 437 illus—$5.75 


Also excellent for reference and for teacher training 


EXAMINE THESE BOOKS AT OUR NSTA CONVENTION EXHIBIT, BOOTH 95 





ADDISON-WESLEY PUBLISHING COMPANY, Inc. 
Reading, Massachusetts, U.S.A. 


6. Cool. 
7. Proceed with color reaction. 


Tube 2 (Control tube) 


1. Add 1.0 ml 
H,SO, mixture. 
Add 0.4 ml of 1.25 N NaOH. 

3. Proceed with color reaction. Add 2 
drops o-nitrobenzaldehyde just be- 
fore addition of the NaClO solu- 
tion. 

Creatine must first be converted to 
creatinine and then to methylguanidine 
before the color reaction may be per- 
formed. 


phosphate _ buffer- 


tN 


Tube 1 (Reagent tube) 
1. 1.0 ml citrate buffer added. 
Tube covered with glass marble and 
heated 2 hours in boiling water 
bath. 
3. Cool to room temperature. 
Add 0.4 ml of 1.66 N NaOH. 
Creatinine procedure follows. 


Tube 2 (Control tube) 


1. Add 1 ml of 0.15 citrate buffer, 
pH 2.2. 

2. Add 0.4 ml of 1.66 N NaOH. 

3. Add 1.0 ml phosphate buffer- 
H,SO, mixture. 

4. Tube is ready for color develop- 

ment. 

After standard curves were drawn for 
each of the compounds, we planned to 
go ahead with the same determinations 
on blood samples. Four hospitals in 
the Cleveland area generously agreed 
to send us blood remaining from their 
work. We had hoped initially to use 
hospital values for nonprotein nitro- 
genous blood constituents. We found, 
however, that only blood urea nitrogens 
are done routinely and that we would 
have to do the determinations our- 
selves. The quantities of blood aliquots 
were often so low that we had to pool 
two and more and even the BUN read- 
ings furnished us could not be used. We 
added to our procedures NPN deter- 
minations (Koch and McMeekin, 
Journal of American Chemical Society, 
46:2066, 1924), urea _ nitrogen 
(method of Karr, Journal of Labora- 
tory & Clinical Medicine, 9:329, 
1924), and uric acid nitrogen (method 
of Folin, Journal of Biological Chem- 
istry, 101:111, 1933 and 106:311, 
1934). 

Analyze the results. To date we have 
reports on only ten pooled blood 
samples of patients with nephritis and 
these are not all complete. 

From the readings tabulated so far 
we have to conclude that there is little 


nN 


[a > 
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elevation, if any, of guanidinium com- 
pounds in the blood in kidney disease. 

The following represents averages of 
the pooled samples: 


1. Total nonprotein 


nitrogen 81.66 mg/100 ml blood 
2. Urea nitrogen 46.33 

Uric acid 

nitrogen 26.74 78.07 mg total 

Creatinine 

nitrogen 5.00 
3. Undetermined 

nitrogen 3.59 (difference) 1 minus 2 
4. Arginine nitrogen 0.314 

Methyl | 

guanidine N 0.55 0.98 mg 

Guanidinoacetic \ 

acid N 0.09 


The latter three guanidinium com- 
pounds make up 7 per cent of the total 


nonprotein nitrogen and 24.5 per cent 
of the undetermined nitrogen. 


Conclusions. Many more results are 
needed before any conclusions can be 
drawn. If the guanidinium compounds 
make up 25 per cent of the rest nitro- 
gen, we need another hypothesis to start 
looking for the yet undetermined 75 per 
cent. The problem of determining the 
constituents of the rest nitrogen of the 
blood is far from solved. The value in 
the project, aside from finding results, 
is the example of encouraging cooper- 
ation between students in working as a 
team on a research problem. 











e School Science Equipment — 
chemicals, apparatus, 
teaching aids. 


e Many available under NDEA 
— Title Ill. 


Set ae gs ee 
apparatus — ideal for elementary schools. 
$59.50 


@ Freight Not Included in Above Prices. 


SCIENCE KIT, Inc. 





RECOMMENDED AIDS 
for SCIENCE TEACHING! 


QO) Ol = A 2X © x2: 


Teaching Elementary Science Bulletin included. 
ACE! recommended. $21.75. 
= SCIENCE KIT LAB — for the enlarged 
| 4” rubber-tired, ball-bearing wheels (two 

; positioning). $279.00. 

79 pieces of the finest quality 


Science Kit will save you time...effort...money 


@ CURRENT Price Catalogs Available on Request. 
@ Replacement Service — send for free circulars. 


Seruing Educators Stuce 193F . 


BOX 69 — TONAWANDA, N. Y. S 


Education, SCIENCE KITS are found in schools 
in every state. 

The original, complete, portable laboratory for 
elementary schools, it contains over 80 pieces 
of quality apparatus, manuals (text-correlated) 
and Blough & Blackwood’s Teaching Elementary 
Science. $39.95. 


SCIENCE KIT, JR. — Portable laboratory 
with all the equipment needed for successful 
science instruction from kindergarten through 
Grade 3. Teacher's Manual of Experiments and 











Science programs in elementary and junior high 
school. Sturdily constructed of maple, the cab- 
inet has a heat and chemical-resistant top; 
Stainless steel sink; plenty of storage space; 
bulletin and peg board; three electric outlets; 


equipped with swivels and brakes for easy 





Set “B” — 134 pieces of equipment 
Selected especially for Junior H. S. use. 
$99.50 
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Research on the Teaching of 
Elementary School Science 


By PAUL C. BURNS 


Assistant Professor, School of Education, The University of Kansas, Lawrence, Kansas 


N this article a brief review is pre- 
sented of several studies at the ele- 
mentary science level which deal with 
instructional methods and procedures. 
It is hoped that many of our readers 
will be able to discover applications of 
some of the findings to their own teach- 
ing techniques. 

A study was made of the effective- 
ness of two methods of teaching science 
in fourth, fifth, and sixth grades by 
Stefaniah (14) to determine whether 
teachers taught by the lecture method 
did a more effective job than teachers 
exposed to the individual laboratory 
method. Experimental and _ control 
groups of in-service teachers partici- 
pated with the instructions centered 
around a list of forty principles of 
science. Pupils were pre- and post- 
tested to determine gains or losses in 
interests and content. Results seemed 
to favor teaching of those instructed by 
individual laboratory method, although 
the difference was not marked. 

Baker (1) studied the reactions of 
pupils to science experiments by con- 
ducting a series of experiments in grades 
three through six. No explanation or 
comment was given during the experi- 
ment, but following it the children were 
asked, “What happened and why?” It 
was found that many pupils could 
interpret and generalize without help of 
the teacher. 

An early study reported by Beau- 
champ (2) sought to determine the 
relative efficiencies of two different 
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methods of study, semi-directed study 
and directed study, of science materials. 
He came to the general conclusion: 


Specific training in finding the cen- 
tral thought of a paragraph, deter- 
mining the question one must be able 
to answer in order to obtain adequate 
understanding of a topic, and reading 
an entire block of material through for 
its general plan, results in a more thor- 
ough comprehension of subject matter 
than undirected study on the same 
material. 

Robertson (12) carried out an ex- 
periment to compare the relative effec- 
tiveness of a  “guidance-outline” 
method and a “developmental-discus- 
sion” method. He selected six units of 
work and then taught one group by the 
developmental-discussion method in 
which discussion was based on the 
children’s interest. He taught the other 
group by guidance. With guidance, the 
children worked individually receiving 
aid when r2eded. Groups were equated 
on basis of reading ability and previous 
science achievement, and other neces- 
sary factors were held constant. In ad- 
dition, the groups rotated during the 
course of the experiment. The groups 
were tested for immediate and delayed 
recall; the developmental-discussion 
group did slightly better on both tests. 


Haupt (8) reported the results of an 
experimental study in which a philoso- 
phy of science education, as set forth 
in the Thirty-first Yearbook of the 
National Society for the Study of Edu- 
cation, was applied. He selected one 


objective of instruction (consideration 
of energy relationships between sun and 
green plants) and used it as a basis of 
teaching. He equated and rre-tested 
groups of children in grades one through 
six, instructing them in respect to the 
objectives. Then he re-tested them. He 
concluded that the same instructional 
objective could be used at all grade 
levels; that the same mental activities 
occur at all levels, differing only in 
complexity; and that children generalize 
at all levels. 

Should science be integrated with 
other elementary school subjects? 
Mallinson (9) made an analysis of ele- 
mentary science and geography books 
to discover what similarities existed in 
the two subject matter areas. He found 
that similarity did exist in the areas of 
agriculture, air, earth as a_ planet, 
forest, fishing, and mining. He felt that 
where similarity exists, the two subjects 
could be properly integrated. 

Integration of science with mathe- 
matics at the seventh- and eighth-grade 
levels was investigated by Gorman (6). 
He selected a science and mathematics 
text and from them determined com- 
mon topics of study. For the experi- 
mental group, he constructed a work- 
book consisting of common problems 
and activities. The control group 
studied science and mathematics inde- 
pendently but covered the same topics. 
The groups were equated and the re- 
sults of the study, based on achievement 
test scores, indicated no appreciable 
difference in efficiency of the two 
methods of instruction. 

How effective are various multi- 
sensory aids? Greene (7) reported a 
comparative study of efficiency of 
dramatic and non-dramatic methods in 
teaching science to fifth-grade children. 
In the experiment two plays were used 
as teaching procedures, teacher-written 
ones and pupil-written ones. The con- 
trol groups used their usual procedures. 
He concluded: 

Children learn factual information 
only slightly, if any, more rapidly when 
taught by dramatic rather than by a 
non-dramatic method, but the following 
desirable learnings developed more 
strongly: speech arts; poise; group 
organization; social interplay. 

Silano (13) conducted an experiment 
to test results of using drawings as 
learning aids. He selected two groups 
of seventh graders and tested them and 
determined their knowledge of air- 
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planes. One group was given instruction 
about planes in a traditional manner; 
the other group was given usual instruc- 
tion and in addition was taught to draw 
a well-proportioned airplane. The two 
groups were again tested and the ex- 
perimental group missed fewer ques- 
tions. One fault of this study, however, 
was the failure to equate groups at the 
beginning of the study. 

The value of radio broadcasts has 
been studied. Carpenter (4) reported 
two studies. In the first he described the 
results of an experiment in teaching 
science by radio in the Rochester 
School of the Air. The radio broadcast 
followed a prescribed course of study, 
twice per week for one semester, thirty- 
minutes in length, followed by twenty 
minutes of class discussion. Results of 
final achievement tests administered to 
“radio” class and “traditional” class 
indicated that “radio” class did only as 
well as “traditional” class. 

On the other hand, Brewer (3) 
worked with experimental and control 
groups in New York City in testing 
radio as an aid to instruction in ele- 
mentary science. He used five broad- 
casts on certain concepts of nature. 
With elaborate statistical techniques he 
secured the results that radio programs 
do serve as definite stimulus to further 
activities. Miles (11) came to the same 
conclusion when the broadcast had 
been planned carefully and taught 
specifically as in the experiment de- 
signs procedure. 

Recorded science lessons were re- 
ported by Carpenter (5). Forty science 
lessons, ten minutes in length, were 
recorded. These were heard by approxi- 
mately 11,000 children. A science in- 
terest test was given at the beginning 
and end as well as a science achieve- 
ment test. From the results, records 
appeared functional in _ increasing 
factual knowledge, skills, and interests. 

Martin (10) carried on a study to 
discover relationships of “community 
resources and use of the tape recorder.” 
The tape recorder was a very satisfacory 
and successful aid in teaching, he con- 
cluded from his study. 

What summary, in the form of trends 
and conclusions, may be made at this 
time relative to research and its impli- 
cation in the elementary school science 
area? 

1. There appears to be of recent 
date an increased proportion of learn- 
ing studies as opposed to curricular 
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studies in the field of elementary 
science. 

2. Since the early studies there has 
been marked progress in the refinement 
of statistical procedure used in the 
studies. 

3. Studies would appear to indicate 
that efficient teaching of science de- 
mands definitely organized experiences, 
rather than reliance on_ incidental 
methods. 

4. Most studies favor organization 
of science around cores of subject 
matter, supplementing instruction by 
means of demonstration, discussion, 
drawing, and experiments. Data from 
several studies would appear to 
strengthen the case for a greater labor- 
atory approach at the elementary level. 
Availability of material no doubt has 
some effect upon the type of instruction 
typically used. 

5. As yet there appears to be no 
final experimental evidence to indicate 
the value of integration of science with 
other elementary subjects. 

6. Research seems to indicate that 
multi-sensory devices are helpful in de- 
veloping interest and possibly toward 
increasing pupil factual knowledge of 
science. An additional value is their 
help to elementary teachers who may 
lack subject matter background in the 
field of science. 

7. Major emphases in the past few 
years in elementary science research 
appear to be in the field of audio-visual 
aids and other such devices to learn 
more about teachers’ ability to gain 
pupil interest. 

8. There appears to be a great deal 
of research still needed with respect to 
teaching of scientific attitudes and 
problem-solving skills. Although these 
are accepted as major objectives of 
science instruction, it would appear that 
most teaching still centers around dis- 
semination of factual information, even 
where problem or unit approach is 
mainly used. Another area that needs 
investigation is that of proper use of 
laboratory exercises. 

9. No significant advantage of any 
one method over another has been de- 
finitely proven. All methods are valu- 
able if properly used. While some pro- 
cedures are superior in a given situ- 
ation, in general, they all have value at 
one time or another. Selective use of 
many techniques is probably still the 
most advantageous procedure for the 
teacher. 


i) 
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By J. MYRON ATKIN 


College of Education, University of Illinois, Urbana, Illinois 


HE elementary school science cur- 

riculum in most American schools 
today is based on a pioneering study 
reported by Craig in 1927.' The results 
of this study have served us well for 
over thirty years. But the inevitable 
questions must now be asked: Is the 
curriculum appropriate today? Are 
basic revisions necessary? Is it satis- 
factory to retain the essential structure 
of this curriculum and make only those 
minor modifications demanded by new 
science knowledge? 

Craig’s study was, in part, a reaction 
to some of the excesses of science 
teaching dominant during the first 
quarter of the century. But it was also 
firmly grounded in an educational view- 
point then crystallizing at Teachers 
College, Columbia University. The in- 





1Gerald S. Craig. Certain Techniques Used in 
Developing a Course of Study in Science for the 
Horace Mann Elementary School. Bureau of Publi- 
cations, Teachers College, Columbia University, 
New York. 1927. 
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creasing body of knowledge about 
children, their growth and behavior had 
certain clear implications for building 
a new curriculum. The child himself 
was studied intensively, and the results 
of these studies pointed toward new in- 
structional approaches in school. Edu- 
cation for living: Start at the level of 
the child and build a curriculum con- 
sidering his psychological and biologi- 
cal stage of development. What do 
children want to know? What do they 
need to know to comprehend the world 
that impinges on them daily? How 
should cultural factors influence the 
curriculum? These are some of the 
issues that were beginning to demand 
attention from educators. 

To construct his course of study, 
Craig identified four criteria for build- 
ing a science program. The program 
should (1) “greatly influence the 
thought reaction of the individual,” (2) 
reflect content which has “modified 
thinking in many fields,” (3) help to 


establish “health, economy, and safety 
in private and public life,” and (4) 
reflect content “essential to the inter- 
pretation of the natural phenomena 
which commonly challenge children.” 
By identifying these criteria, Craig 
helped to give a rational structure to a 
science program at the elementary 
school level, a structure that was loose 
at best prior to 1927. 

Craig used three primary sources to 
construct the science curriculum: the 
interests of children as reflected by their 
questions, the opinions of laymen, and 
certain standard college science texts. 
The result was a course of study that 
stressed heavily the influence of science 
on daily life. Those phenomena which 
seemed to loom large in the lives of 
youngsters and adults and which were 
rooted in science as identified in college 
texts of the period constituted the cur- 
riculum. Topics included electric 
motors, circuits, description of certain 
weather phenomena, rock identifica- 
tion, and the economic uses of plants, 
among many others. A glance at the 
Course of Study reveals an attempt to 
cover a broad range of topics in ge- 
ology, astronomy, biology, meteorol- 
ogy, physics, and chemistry. Craig 
placed greatest emphasis on his criteria 
(3) and (4) in selecting content. 

Subsequent investigators have turned 
considerable attention to Craig’s first 
criterion, that of “greatly influencing 
the thought reaction of the individual.” 
This attention has taken the form of a 
plethora of writing about scientific 
method, critical thinking, and problem- 
solving ability. While there is consider- 
able agreement in the field today that 
the improvement of children’s thinking 
is a primary goal of science education, 
very little effort in the field of 
education bearing on this subject over 
the past twenty years may be termed 
research. Attempts have been made to 
describe problem solving, scientific 
method, and critical thinking, but com- 
prehensive research programs to dis- 
cover how such thinking develops and 
is nurtured through formal school sub- 
jects are yet to be reported. There has 
been no basic change in elementary 
school science curricula in over the past 
thirty years. 


Curriculum Revision 


What are the implications for the 
current spurt of activity, all of it sorely 
needed and much of it brilliant, on 
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elementary school science programs? 
First, it can be recognized at the outset 
that much of the criticism of high school 
curricula applies to elementary school 
science programs with equal force. We 
now cover a large amount of superficial 
teaching-about-science in the elemen- 
tary school. The stress is still on appli- 
cations of science, science in daily liv- 
ing (science in cooking, science in 
health, science in toys, science in to- 
day’s refrigerators, etc.). Rarely, very 
rarely, are children encouraged to 
probe to some depth in a scientific dis- 
cipline to appreciate something of its 
rationale and inner consistency. Rarely 
are children helped to go beyond the 
descriptive (nine planets move around 
the sun; Mars has two natural satellites; 
shots protect against certain diseases). 
For most elementary school science 
teaching, books at the descriptive level 
are the only books available. 

A second weakness in elementary 
school curricula is one that threatens to 
weigh down the entire structure. A 
curriculum in science built on children’s 
interests and the applications of science 
must grow geometrically in this day and 
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Restructuring the science curriculum to include new content and capture interest requires constant 
evaluation. 


age. Each new technological advance 
breeds more technological advances. 
How does one pick from this wealth of 
achievement that which should be 
taught to the very young? 





HOW LIFE BEGAN 
Irving Adler 


Elbert Tokay 


Box SCi-4, THE 





The best bargains in science books... 


MENTOR&SIGNET KEY BOOKS 


35¢ *° 50¢ ° 75¢ 


UNDERSTANDING THE WEB OF LIFE 
CHEMISTRY John H. Storer Ks333,35¢ 
L. P. Lessing MD276, 50¢ 


Ks369, 35¢ 


THE EDGE OF THE SEA 
Rachel Carson MD242, 50¢ 


THE HUMAN BODY 
AND HOW IT WORKS 
KD355, 50¢ 


This is a short sampling of over fifty Mentor and Signet Key 
titles on the AAAS-approved list of inexpensive science books. 
Write for our science list and complete catalog. 


Coming... 
THE OSCILLATING UNIVERSE, E. J. Opik (Apr.) 


AND THERE WAS LIGHT, Rudolph Thiel (May) 


501 Madison Avenue 


BIOGRAPHY OF THE 
EARTH 
George Gamow MD 138, 50¢ 


HOW TO KNOW THE 
MINERALS AND ROCKS 
Richard M. Pearl KD346, 50¢ 


THE UNIVERSE AND 
DR. EINSTEIN 
Lincoln Barnett MD231, 50¢ 


MD2839, 50¢ 


MT290, 75¢ 


NEW AMERICAN LIBRARY 
New York 22, N. Y. 











Pruning thus becomes a top priority 
operation in restructuring the elemen- 
tary school science curriculum. It is 
impossible to add new content to the 
already bulging science program with- 
out substracting something. New types 
of immunization, new surgical tech- 
niques, new artificial satellites are all 
events that are beginning to crowd one 
another off the front page. The teacher 
who tries to teach this current content 
in addition to the already prescribed 
science work in anything but a cursory 
fashion is lost. Each new development 
reveals the teacher’s own lack of prepa- 
ration. Each frantic effort to keep pace 
with technology clutters curriculum 
content even further. What content can 
we afford to drop? What are some 
reasonable criteria for selecting that 
which we take time to teach? 

The underlying viewpoint of the 
major secondary school curriculum re- 
form movements in evidence today 
holds that the major criterion to be 
used in selection of course content 
should be to choose that subject mat- 
ter which is fundamental to the dis- 
cipline as the discipline is viewed by 
those with its most penetrating grasp. 
The man to go to in selecting content 
for high school physics is the man 
steeped in the subject, the man who 
knows it deeply and broadly; in short, 
the man recognized by physicists as a 
productive authority. It is probable that 
most curriculum reform movements in 
the field of elementary school science 


THE SCIENCE TEACHER 

























' tv W ' 


wm 


, 





will have the same flavor. Thus the de- 
sired pruning is accomplished initially 
on the basis of subject matter con- 
siderations. On the surface at least ap- 
plications of science and children’s 
immediate interests assume a minor 
role in selection of content. As criteria 
for a pruning operation, the new em- 
phasis seems reasonable. What might it 
look like in practice? 

Take elementary school astronomy 
as an example. In this field, the writer, 
together with Professor Stanley P. 
Wyatt of the University of Illinois 
Astronomy Department, has been con- 
ducting an investigation with young- 
sters in the intermediate grades de- 
signed to effect pruning based initially 
on subject matter considerations. 

An examination of elementary school 
textbooks and trade books in the field 
of astronomy currently available to 
teachers of elementary school children 
reveals an almost exclusive emphasis 
on the solar system. However, though 
the solar system is discussed at length, 
the stress is placed entirely on its de- 
scriptive aspects. Children are taught 
the number of planets, their relative 
sizes, their distances from the sun, and 
the number of moons revolving around 
each one. There is also some descrip- 
tion of what we know about the surface 
of Venus, Mars, and Jupiter. In most 
books certain constellations are identi- 
fied. Eclipses are discussed, and sea- 
sonal change is stressed. The youngster 
is also subjected to considerable infor- 
mation about the distances between 
various objects in the solar system. 


This content for elementary school 
astronomy may be criticized on several 
grounds. 


1. The child is given virtually no 
understanding of how scientists 
have arrived at the factual material 
presented in the children’s books. 


The child is given virtually no com- 
prehension of the structure of our 
own galaxy of stars or of the physi- 
cal universe and its component 
galaxies. 

3. The child learns in only a cursory 


fashion of some of the forces at 
work in this physical system. 


nN 


With regard to point (1) above, 
people cannot learn the basic ideas in 
astronomy without an understanding of 
how we arrive at astronomical knowl- 
edge. What types of observation are im- 
portant to astronomers and why? What 
are theories? How do scientists build 
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them? Even if children studied the 
solar system exclusively, they can 
learn much more about astronomy by 
tracing some of the historical develop- 
ments with regard to man’s conception 
of the motion of bodies within this sys- 
tem than by reading the books cur- 
rently available to them. 

With regard to points (2) and (3) 
above, much more could be done with 
elementary school children to point up 
concepts related to gravitation; the 
nature of matter and radiation; the age, 
origin, and evolution of the solar sys- 
tem, of stars, and of galaxies. These 
concepts reflect some of the basic con- 
cerns of modern astronomers, yet little 
attempt has been made to teach these 
concepts at the elementary school level. 

Research is needed to bring ele- 
mentary school science curricula in 
consonance with the enormous amount 
of astronomy that has been learned in 
the last two or three decades and its 
major methods and problems today. 
And in so doing, such research should 
point out possibilities of how younger 
children may learn astronomy in depth. 

The starting point in this investi- 
gation was at the level of the profes- 
sional astronomer. Wyatt studied the 
textbooks and trade books currently 
available to elementary school children 


in the field of astronomy and outlined 
several topics that are of vital impor- 
tance in the discipline but which receive 
scant attention in the instructional 
materials for young people. Gravitation, 
radiation, statistical inference, prob- 
lems of vast distances and age, prob- 
lems of origin, and radio astronomy are 
a few of the neglected modern ideas 
deserving greater emphasis particularly 
in the context of the structure of the 
physical universe as an entity. 

With one group in the pilot project, 
a historical view of the development 
of man’s conception of the solar system 
was developed. Children were made 
responsible for devising a view of the 
solar system based on evidence avail- 
able to ancient and medieval astrono- 
mers. Fourth-grade youngsters showed 
the ability to conceptualize a scheme of 
epicycles to describe retrograde motion 
of the planets. By stressing this topic 
with the youngsters, the investigators 
were somewhat successful in the gen- 
eral aim of helping children to realize 
some of the problems astronomers ac- 
tually have. In using an inductive ap- 
proach it is felt that children were 
helped to see astronomy as a field 
characterized by problems that chal- 
lenge the intellect. Further, the young- 
sters developed a greater appreciation 


In directing a science experiment, how much is the child encouraged to probe deeply into the scientific 
discipline? Does the teacher influence the thought processes? 
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for the Copernican Revolution when 
they themselves had to develop a sys- 
tem that accounted for retrograde 
motion assuming a helicentric view of 
the solar system. 

With other groups of children con- 
siderable attention was given to the 
problem of measuring relatively short 
distances in space by triangulation. 
Again, the feeling has been in this proj- 
ect that the measurement of distances 
in space is a much more important 
notion than merely knowing the dis- 
tances that are thus measured. 

Another experimental group has 
been concerned primarily with certain 
basic physical concepts such as mass, 
inertia, and momentum. 

A high degree of success character- 
ized the initial and spotted efforts to 
teach this “new” content to elementary 
school children. Children in grades 4, 
5, and 6 can and do learn many of the 
concepts outlined above. Further, 
children’s interests have been consis- 
tently high, and parents report that the 
youngsters take the science problems 
home for further discussion. So far, 
however, the investigators have worked 


solely with intellectually gifted chil- 
dren, and this writer has been the only 
teacher working with the children. 
Several questions arise: 


1. Is this basic approach appropriate 
for all fields of science? 

2. Will this approach prove effective 
with children of average and below 
average intelligence? 

3. Can teachers in the self-contained 
classroom (who now do the science 
teaching) handle this content? 

4. How does one translate the cur- 
riculum reform movements from 
the experimental and _ relatively 
tightly controlled setting to general 
classroom practice? 

5. The most basic question: Is this the 
content that should be stressed? 


No doubt there will be much atten- 
tion in the next decade to these broad 
questions. No doubt new fundamental 
questions will arise that are difficult at 
present to articulate. But it seems a 
certainty that funds on an impressive 
scale will be funneled into elementary 
school science curriculum reform dur- 
ing the next few years. Partly because 
of the large sums invested, it is prob- 
able that change will be effected at a 


much more accelerated rate than has 
been characteristic in the elementary 
school science field in the past. A faster 
rate of change demands (1) involve- 
ment and/or (2) careful systematic 
evaluation in the earliest stages of the 
new projects by those who have been 
identified professionally with the field 
of elementary school science and who 
hold strong views about the aims and 
objectives of early science learnings. 

In keeping with the trend to make 
articles in educational journals con- 
structive, this writer feels that the cur- 
riculum reform as outlined holds con- 
siderable hope for building elementary 
school science programs that improve 
children’s thinking, yet use the exciting 
vehicle of modern scientific concepts. 
At its best, such reform results in 
teaching what is intellectually challeng- 
ing, flexible, open-ended, and heuristic. 
The by-products of such curriculum re- 
form movements (cooperation between 
people in the fields of science and edu- 
cation) seem as promising for continued 
progress as the published results of the 
reform movements themselves. 
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AT should be the content of an 

dvanced physics course? How 
many thours should be allotted for 
laborafpry work in chemistry? What 
scienced should be taught in the ninth 
grade? Suggested answers to these and 
many other questions are to be found 
in the National Science Teachers Asso- 
ciation’s recent publication, New De- 
velopments in High School Science 
Teaching. (Price $1.50) 


New courses, programs, and admin- 
istrative procedures from school sys- 
tems across the country have been de- 
scribed in this 108-page report. In 
addition, references have been made in 
it to over one hundred developments 
and to several major curriculum- 
planning projects now under way. 


This publication is based on a de- 
scriptive study of science programs 
in grades 7-12 in all parts of the United 
State. It reveals several general trends 
which cut across subject matter lines. 


1. Many new administrative proce- 
dures have been established for ex- 
tending the school program to 
out-of-school hours and for enlist- 
ing the cooperation of college, 
community, industry, and govern- 
ment groups. 

The new science courses have 

greater academic rigor than stand- 

ard ones. 

3. The seminar is a new development 
for teaching discovery methods and 
cutting across subject matter lines. 

4. Ability grouping is increasing. 


i) 


Within the framework of these cur- 
rent trends changes can be seen in the 
various subject matter areas. 
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In general science there is auc 
ing and talking about science and more 
of doing it. The amount of laboratory 
work is increasing and projects are a 
popular activity. General science 
courses are being separated from the 
core program in many schools. Prin- 
ciples of biological and physical science 
are being stressed in courses designed 
to lay strong academic foundations for 
future courses in biology, chemistry, 
and physics. 

Earth-space science is a popular sub- 
stitute for ninth-grade general science. 
It combines elements of astronomy, 
meterorology, and geology in a single 
course for students of greater than 
average ability and interest in science. 

A majority of the new biology 
courses are being introduced in the 
ninth grade, although the tenth grade 
remains at the level at which the subject 
is generally given. Biochemical and 
biophysical aspects of biology are being 
stressed. 

Placing biology in the ninth grade 
allows for a four-year science sequence. 
The fourth-year elective might be an 
advanced course in biology, chemistry, 
or physics; a specialized course such as 
microbiology or electronics; or a 
science seminar. 

Physical science courses for academ- 
ically talented students are also gain- 
ing in popularity. Many of these 
courses combining basic elements of 
physics and chemistry, are being of- 
fered in the tenth grade. There appears 
to be considerable merit in such 
courses—greater immediate and de- 
layed retention and greater economy of 
time. Several patterns of physical 
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science programs are described in New 
Developments in High School Science 
Teaching. 


The new advanced chemistry and 
physics courses tend to stress the study 
in greater depth of a smaller number of 
topics. In order to do so it has been 
necessary to increase the amount of 
time given to the subject—either in 
number of hours per week or in number 
of semesters devoted to the subject. 
Descriptive materials have been pruned 
away to allow more time for study of 
important topics. 


The mathematics of chemistry and 
physics is being emphasized—both 
through quantitative students in the sub- 
jects themselves and through mathe- 
matics programs planned to parallel the 
science programs. 


Science seminars have been a popu- 
lar method of breaking down subject 
matter boundaries and of providing for 
the individual needs of students with 
varied interests and backgrounds in 
science. There are almost as many 
variations as there are seminars. A 
number of representative ones are de- 
scribed in New Developments in 
High School Science Teaching. 


In many places the school program 
has been expanded by use of out-of- 
school hours and of non-school person- 
nel and facilities. These administrative 
innovations include before- and after- 
school, Saturday, and summer pro- 
grams; in-service programs for teachers; 
involvement of college, industry, and 
government personnel as subject matter 
specialists; and use of extra-school 
facilities for teaching purposes. 
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Elgeet went back to school, 

via a nation-wide survey, to learn from 
teachers of elementary science what features 
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microscope for teaching young pupils. 
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Local, national, and international personalities will be leaders 
in forging the future course of science education at NSTA‘s 
Eighth National Convention in Kansas City, Missouri, March 
29-April 2, 1960. 


Variety, similarity, diversity, debate, and compromise—none 
of these will escape from the spectral dispersion of planned 
sessions and activities. ‘’Prescriptions’—old and new, tried and 
tested—will be presented by some of the leading ‘science 
education physicians” of our times. The date is set, the operation 
urgent, and some of the treatments prescribed are briefly given 
here. These promise to be among the most beneficial ever 


proffered in NSTA history. See you ON COURSE... at 
KANSAS CITY. 








STANLEY MARSHALL. Professor 


Association for the Education of 
Teachers in Science. Subject: “The 
Science Teacher for American 
Schools and How He Should Be 
Educated.” 








JAMES R. WAILES. Associate Pro- 
fessor of ‘Education, University of 
Colorado, Boulder, Colorado. Con- 
current Panels for In-Service and : 
Pre-Service Education, Panel A, Ele- ! 

mentary Level: “In-Service Educa- MAT 
tion for K-12 Science Teachers”; | Seier 
Friday morning. Jose 





JAMES W. GEBHART. Montana 


State University, Missoula, Montana. PHILLIP R. FORDYCE. Oak Park 
“Here's How | Do It Expanding and River Forest High School, Oak 
the Curriculum Session, Saturday Park, Illinois. Member of Panel 8, 
afternoen. Topic: “The Montana Concurrent Panels, “Current Cur- 
Earthquake.” riculum Developments in Biology’; 


Thursday afternoon. 





HELEN W. CRAWLEY. Natick High © 
School, Natick, Massachusetts, | 
“Here's How 1 Do It” Physical 
Sciences Session, Saturday after- 
noon. Topic: “Radioactivity Experi- 
ments Using Orange Glazed Ce- 
ramics.” 








IRVING P. KRICK. Weather Asso- 
ciates, iInc., Denver, Colorado. 
Speaker, Group |, Current Devel- 
opments in Selected Science Areas. 
Topic: “Man’s Conquest of the 
Weather.” Friday afternoon. 





JAMES WEIGAND. Science Consul- 
tant, Office of the Superintendent 
of Public Instruction, Springfield, 
illinois. “Here’s How | De it’ 
Elementary School Science Session. 
Friday afternoon. Topic: “Eye- 
Catching Demonstrations.” 
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MATTHEW F. VESSEL. Chairman, 
Science Education Department, San 
Jose State College, San Jose, Cali- 
fornia. Concurrent Panels for In- 
Service and Pre-Service Education, 
Panel A, Elementary Level: “Pre- 
Service Education for K-12 Science 
Teachers”; Friday morning. 





GEORGE E. MATHES. Director of 
Science, Denver, Colorado Public 
Schools. Presiding at the K-12 
Curriculum Center and Consultant 
Service, Thursday afternoon and 
Saturdoy morning. 


HUGH ALLEN, JR. Associate Pro- 
fessor of Science Education and 
Physics, Montclair State College, 
Upper Montclair, New Jersey; Edi- 
tor of Convention Proceedings. Pre- 
siding, General Meeting for Chair- 
men and Recorders, Wednesday 


afternoon. 








HAROLD L. BODA. Assistant Su- 
perintendent, Dayton, Ohio Public 
Schools. Featured speaker, Super- 
visors’ Luncheon, Tuesday. Topic: 
“Role of the Supervisor in Develop- 
ing Valves in the Curriculum.” 


ROBERT A. BULLINGTON. Depart- 
ment of Biological Sciences, North- 
ern Illinois Universtiy, DeKalb, Ili- 
nois. Chairman of NSTA’s Science 
Teaching Materials Review Com- 
mittee, Dr. Bullington will hove four 
film showings with several films 
from each area as follows: Wednes- 
day morning, “Science in the Labo- 
ratory.” Thursday morning, “Bio- 
logical Science.” Friday morning, 
“Space Exploration.” Saturday 
morning, “Conservation.” 








MILDRED T. BALLOU. Elementary 
Science Teacher, Station KDPS-TV, 
Des Moines, lowa Public Schools. 
Co-chairman of the General Pro- 
gram Committee; Presiding, First 
General Session, Wednesday after- 
noon. Subject: “The Ecology of the 
Educational Community.” 


KATE BELL. Assistant Director of 


Elementary Education, Houston In- 
dependent School District, Houston, 
Texas. Concurrent Panels for In- 
Service and Pre-Service Education. 








A. NEAL SHEDD. Specialist for 
Science Clubs, U. S. Office of Edu- 
cation, Washington, D. C. Super- 
visors’ Section, Round-Table Discus- 
sions, Group C: “State Supervisors 
and Consultants in Science’; Wed- 
nesday morning. 


Chairman, Panel 
level: “Pre-Service Education for 
K-12 Science Teachers.” 


afternoon. 
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UNITRON student microscopes offer 































UNITRON STUDENT AUTO-ILLUMINATION MICROSCOPE, MSA 





The UNITRON Student Auto-illumination Micro- 
scope, Model MSA, employs a newly designed 
stand in which all components and controls are 
within easy reach. The inclined eyepiece tube 
allows comfortable posture and may be turned in 
any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 





Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


In quantities of Q 
25 or more... $94.16 only sf 7 





UNITRON STUDENT MICROSCOPE, MUS 


Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 
fine and coarse focusing are provided — not 
merely a single focusing control; an iris diaphragm 
to regulate aperture for highest resolution — not 
merely a disk diaphragm; and a condenser system 
for optimum illumination. 





The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


In quantities of s7 r. | 
25 or more $66 60 only 








unexcelled 


UNITRON. DISSECTING ADS 








Heavy base, micrometric 
rack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plate, Steinheil magnifiers. 


ADS: for 10X, 20X 


$3250 


ADSA: for 5X, 10X, 20X 


$3650 


UNITRON 

















UNITRON LABORATORY 





Uses the same large, 
heavy stand as our re- 
search models. Three ob- 
jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Coarse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 


eee sTIS 


THIS COMPLETE CATALOG 


MICROSCOPES IS YOURS FOR THE ASKING! 


MLEB 


quality 





STEREOSCOPIC MSL 


A wide field, binocular, 
3-D dissecting model. 
Diopter and interpupillary 
adjustments. Removable 
glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


Model MSL..... 
(f.0.b. Boston) 





ON UNITRON 


at budget prices 


UNITRON PHASE MPEA 


The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
tives: 4X, P1OX, P40X. Eye- 
pieces: 8X, 15X. Con- 
denser and phase dia- 
phragm. Write for a reprint 
of Professor Corrington's 
article on this remarkable 
instrument. 





















UNITRON PHOTOMICROGRAPHY SET 







Duplicates the perform- 
ance of costly apparatus. 
Fits any standard micro- 
scope. Mounting brackets 
adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model ACA... SQQI5 


ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America's 
leading universities, schools, and industrial laboratories. 





UNITRON 


INSTRUMENT DIVISION OF 
UNITED SCENT I Fae oe 


204-206 Milk Street 


Gives complete information on the UNITRON Models 
described above as well as on many others for all types 
of microscopy. You will find this informative publication 


a valuable addition to your files. Boston 9, Mass. 





Please send me your complete catalog on 


QUANTITY DISCOUNTS UNITRON Microscopes 8-A. | 


‘ 
AVAILABLE ON ALL MODELS 


Prices include wooden cabinet, plastic dustcover, and 
free delivery to your school unless otherwise noted. 





Name and Title 





| Address — | 
City 


School or College 





__State 


cums. canannsindeainane ated ae 











Don’t Shortchange The Student! 


The school and college laboratory is the training ground for budding 
scientists. It is in school that they learn the fundamentals which they carry 
throughout their entire lives. It is in school that they formulate the thought 
processes which they put to good use in the years following graduation. 


Because ci the importance of this training, no school or college will offer 
students an inferior textbook or an incompetent instructor. The best is none 
too good for the scientist of tomorrow! 


Similarly . . . the best in laboratory equipment is none too good for 
today’s scientific student. Unfortunately, there is available in this field, 
laboratory glassware which is known as the “‘second’’, or “school” grade of 
well-known manufacturers. 


Don’t cheat your students of the opportunity to work with the best 
available laboratory glassware . . . especially when you can buy it cheaper 
than some of the “inferior” grades. Specify Diamond D and be sure of the 
best. For the complete story of Diamond D manufacture write today for 
our booklet “Behind The Diamond D” Doerr Glass Company, Vineland, N.J. 


OL’ NANTUCKET WEATHER CLASS 


Here is a hand-blown replica of the weather glasses used on the 
square-rigged sailing ships that rounded Nantucket Light more 
than a century ago. It is a crystal-clear pear-shaped pendant 
which hangs on a 1014" long wrought iron bracket. Fill the glass 
with water according to directions; chart shows how to translate 
movement of water in spout in terms of weather forecasts, Ideal 
for home, office, den, recreation room, college dorm or classroom. 
$3.95 postpaid. Doerr Glass Specialties, Inc., Vineland, N.J. 
Offer good only in continental U.S. and Canada. 





Diamond D Laboratory Glassware 
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Self-Raising Weights on 
Pulley Systems 


By WALTER EISENBERG, Weequahic High 
School, Newark, New Jersey 


The conventional treatment of prob- 
lems involving pulley systems in high 
school and college texts seems to leave 
a serious misunderstanding that appears 
to be widespread. It is therefore felt im- 
portant that a word be said to teachers 
of this subject to prevent future errors 
in this field. 

The textbooks speak of an acting 
force raising an independent resisting 
weight; most of them say nothing at all 
about a force raising its own weight as 
resistance. Because there is no mention 
of the latter case, it is often erroneously 
concluded by the reader that both cases 
would be worked out the same way. For 
example, with the single fixed pulley it 
is shown that it takes a force of more 
than 150 pounds to raise a weight of 
150 pounds, if friction is small. Since 
nothing is said about a force raising its 
own weight, it is usually concluded that 








Classroom 








if a person weighs 150 pounds and tries 
to raise himself by means of a single 
fixed pulley, he will have to exert a 
force of a little more than 150 pounds. 
In this case, however, the force is just 
slightly more than 75 pounds. (See 
Figure 1.) 

This comes as a surprise to many 
students (and some teachers) and is 
often challenged for proof of correct- 
ness. The author has found it a fasci- 
nating experiment to allow the chal- 
lengers to raise themselves on a single 
fixed pulley system and see by experi- 
ence that it takes a force of only one- 
half their weight. The actual experience 





is worth the effort of setting up the ex- 
periment for students. 

In offering a theoretical proof for 
this observation a variety of approaches 
may be used. It may be shown that if a 
person raises himself ten feet into the 
air, twenty feet of rope will have passed 
through his hands, thus requiring a 
force of one-half the weight. It may 
also be shown that as soon as a person 
takes hold of the free strand, it becomes 
one of the strands supporting the 
weight, and the system in effect has be- 
come a two-strand pulley system. Other 
proofs follow along these same lines. 

Once the single fixed pulley problem 





TEACHING KITS FOR STUDENT | 
PHYSIOLOGY EXPERIMENTS | 


Many physiological phenomena can be translated into motion. 
In order to best demonstrate these phenomena in the classroom, it is 
possible to make a continuous and permanent record of this motion 
which can be discussed during and after the experiment. The Harvard 
Apparatus Teaching Kits are built around a recording device. In the 
case of the standard Kit #1000, the device is an electric kymograph, 
one of the simplest recording instruments to operate and maintain. 
It produces a wide range of recording speeds and is useful in the 
majority of experiments. Also available are many levers which will 
show and record motions of all kinds, such as the contraction of frog 
muscle resulting from electrical stimuli. The induction stimulator 
provides electrical stimuli and time marking signals. Human as well as 
animal phenomena can be shown. For example, the pneumograph 
demonstrates breathing patterns, and the plethsymograph can be 
used to show the volume pulse. 


Special kits containing equipment and supplies other than those 
listed for the standard Kit #1000 can be made to order. In all cases, 
the cost will be a total of list prices. We invite you to send for our 
Catalog 1959-60 and new price list which contain our complete line of 
recording instruments and accessories, circulation and_ respiration 
equipment, electrical equipment, clamps, stands, rods and various 
animal accessories. Also available on request is a detailed data sheet 
listing the contents of the standard Kit #1000 plus a range of 
auxiliary equipment. 

Harvard Apparatus Company, Inc., a non-profit organization, 
seeks to promote better science teaching through the manufacture of 
superior physiological apparatus made available at the lowest possible 
cost. All apparatus is of the highest quality and will give years of 
continuous service. 

















CONTENTS OF THE STANDARD KIT #1000 (illustrated) 


Electric Kymograph 
Kymograph Paper 
Induction Stimulator 
Flat Base Stand 

Muscle and Heart Levers 
Small Scale Pan 

10g. Weights 

Marey Tambour 

Silver Electrode 


Plethysmograph Tube 

Pneumograph 

Clamps 

Colophonium Cement 

27mm. Signal Magnet 

Frog Board (with clips) 

Tuning Fork and Starter 

Stylus 

Fitted Case, 24” x 12” x 12” 
$198.00—f.o.b. Dover, Mass. 


HARVARD APPARATUS CoO., INC. - Dover, Mass., U.S. A. 


(a non-profit organization) 
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Understanding 
takes 
time 


YOUR BIOLOGY 


by Ella Thea Smith and 
Lorenzo Lisonbee. Accom- 
panied by manual (with 
tests) 


THE PHYSICAL WORLD: 
A COURSE IN PHYSICAL SCIENCE 


by Richard Brinckerhoff, 
Burnett Cross, Fletcher 
Watson, and Paul F. 
Brandwein. Accompanied 
by manual and tests. 


YOUR BIOLOGY integrates many activities and i!lustrations with the text to give students 
several ways to understand one idea. For example, to begin a section on tissues, 
students read a description of cells, see side-by-side comparisons of cell drawings and 
photographs, and do a microscope activity on cells. THE PHYSICAL WORLD discusses 
thoroughly one idea—in fields such as chemistry, mechanics, and vave theory—before 
presenting it in greater detail or as an equation. For instance, Ohm’s Law is discussed 
first in clear verbal terms and then stated as a verbal equation. Both books are written 
specially for students who need opportunity and time to understand. 


Understanding takes time 


. and time is taken by YOUR BIOLOGY 
and THE PHYSICAL WORLD 


HB HARCOURT, BRACE AND COMPANY New York 


Chicago - Dallas - Burlingame 








is clearly understood, it is easy to show 
the same principle as it applies to the 
various types of movable pulley sys- 
tems. When a painter raises himself on 
a scaffold and four strands support the 
movable pulley, the so-called free 
strand he has in his hand is also to be 
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75 \bs. 


Foace 





150 |bs. 


werqur 


150 Ibs. 


WEIGHT 


i5olbs. 


FORCE 


FIGURE 1. 


considered as supporting the weight, 
and the mechanical advantage used in 
this problem would be five instead of 
four. The addition of one to the usual 
mechanical advantage would be applied 
in all problems of this kind. 

Because some textbooks in current 
use have the wrong answer given in 
problems of this type, it would be well 
to check all books and notify each 
author where such error exists. 


Physics 


Experiment 1 
Velocity of Sound in Air 
by Resonance 
(Determination of the 
End Correction) 


By JULIUS SUMNER MILLER, El Camino 
College, El Camino College, California 


The usual laboratory method for 
determining the velocity of sound in 
air by resonance is well known. A vi- 
brating tuning fork is held over an air 
column whose length is conveniently 
varied by changing the height of a 
water column in it. The theory shows 
that the first resonant length is approxi- 
mately one-quarter of the wave length; 
L, = 4/4. This is corrected by adding 
to L, six-tenths of the radius of the 
tube. Then, V = 4fL, where L is the 


MARCH 1960 





NSTA 
CALENDAR 


As a regular feature of The Science Teacher, the 
calendar will list meetings or events of interest to 
science teachers which are national or regional in 
scope. Send your dates to TST’s calendar editor 
as early as possible. 


March 29-April 2, 1960: NSTA Eighth Na- 
tional Convention, Muehlebach and 
Phillips Hotels, Kansas City, Missouri 


June 29, 1960: NSTA Annual Summer 
Meeting with National Education Associa- 
tion, Los Angeles, California; Luncheon 
meeting and afternoon session 

June 29-July 1, 1960: Annual Business Meet- 
ing of Board of Directors, Los Angeles, 
California 

September 9-10, 1960: NSTA Regional Con- 
ference, University of North Carolina, 
Chapel Hill 


October 28-30, 1960: NSTA Regional Con- 
ference, Deauville Hotel, Miami Beach, 
Florida 





An Opportunity to Bring a 
Nobel Prize -Winning Scientist 
Into Your Classroom . 


Your students can now see and hear Dr. 
Glenn T. Seaborg and his associates as they describe 
the dramatic discoveries of missing and transura- 
nium elements in a series of three FILMS entitled 


THE ELEMENTS. 
*Titles In The Series 


MODERN ALCHEMY / Dr. Seaborg describes the isolation and 
identification of the four “‘missing elements,”’ fran- 
cium, technitium, astatine, and promethium. 


BEYOND URANIUM / Dr. Seaborg outlines the discovery of 
the first six elements beyond uranium. 


MAKING ELEMENTS / The scientists who participated in the 
discovery of elements 99, 100, and 101 describe and 
demonstrate the techniques, equipment, and chem- 
istry associated with the original isolation of these 


elements. 


EACH FILM——16mm / 30 minutes / B&W / $125 


*These films qualify for purchase under Title III of the National 
Defense Education Act. 


Send For Free Information! 


NET Film Service 
Indiana University 
Bloomington, Indiana 
Please send inforrnation about 


THE ELEMENTS films to: 
Name__ 
Organization 
Address__ 


City 





Preview Prints Available 
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LOW-PRICE CLASSROOM AIDS for SCIENCE TEACHERS 
Write for FREE CATALOG “AC” 


GIANT MAGNET! 5 lb. Size! 


WAR SURPLUS—ALNICO V TYPE 

A real bargain opportunity. A - 34”; B - 
2%”; C - 4-3/16”; D-1%";E-1%"; F - 
25%”. Strength is about 2,000 Gauss. Will 
“ lift over 125 lbs. 

Stock No. 70,183-AC, 5 Ib. size.................. $8.50 Postpaid 
15-% lb. size. Approximately 5,000-6,000 Gauss rating. Will 
lift over 250 lbs. 

Stock No. 85,088-AC, 15% lb. size................ $22.50 F.O.B. 
Shipping wt. 22 lbs. Barrington, N. J. 


GIANT GYROSCOPE TOP 


Sturdy 4” diameter instrument is ideal for 
classroom or amateur physical experiments in 
demonstrating the principles of rotation, 
attraction and equilibrium of moving bodies, 
centrifugal forces, centripetal forces. Metal 
stand, booklet, FUN WITH GYROS and in- 
structions included. 


GR POR, BO BBGAAS. ...........cccscccsceccosccesseses $4.95 Postpaid 
D-STIX CONSTRUCTION KITS 


Visualize Ideas Fast! 

Newest, handiest visualizing and demonstration 
tool for teachers elementary, high school or 
college. Colored wood sticks %” thick and 
“easy-on” rubber joints approx. 3/16” diam. fit together 
quickly to form all kinds of simple or complex shapes, struc- 
tures. Ideal for teaching mathematics, chemistry, physics, 
design, engineering, architecture, abstract art—or for de- 
veloping children’s interest in form and structure. Work out 
geometric figures, molecular structures, structural members, 
configurations and perspectives, models of many types. 3- 
dimensional visualization adds interest—speeds understand- 
ing. Used by professional planners, designers, architects. 
Money-back guarantee. 

















Stock No. 70,209-AC (230 pes)...................00:068 $3.00 ppd. 
Stock No. 70,210-AC (370 pes)..................0.:0008 $5.00 ppd. 
Rede No. ay 211-AC (452 pos)............cceeeeeeees $7.00 ppd. 





STEREO MICROSCOPE 


Over 50% Saving. Up to 3” Working Distance 
—Erect Image—Wide 3 Dimensional Field. 
Used for inspections, counting, checking, as- 
sembling, dissecting. 2 sets of objectives on 
rotating turret. Standard pair of wide field 
10X Kellner Eyepieces give you 23 power and 
40 power. Helical rack and pinion focusing. 
TEN-DAY TRIAL! 

Order Stock No. 85-056-AC 


eT SE $99.50 f.0.b. Barrington, N. J. 
LOW-COST VERSATILE SPECTROSCOPE 


Ideal for experimental or school uses. Can 
be used with transmission diffraction grating 
replica (a piece is supplied) or with prism. It 
has a ssteling prism. It has a rotating prism table with scale. 
The telescope arm extends through 120°. 10X eyepiece is 
standard microscope size with reticle. Slit is adjustable. 
Hae system includes two achromatic 25mm diam. 122 mm 
f.l. lenses. Arms extend from 5” to 8” for focusing. Diameter 
of base is 6”, overall height 4” and overall width approx. 14”. 
Instructions included. 


Sonus BGs. FOLRROWAC................................ $39.50 Postpaid 


NOTICE: Edmund is now headquarters for Math Learning 
and Teaching Aids! See dozens of offerings in our FREE 
Catalog—“‘AC.” 


TRIG AND CALCULUS CARDS 


Used to clinch the learning of trig identities 
or calculus formulas. Each deck contains 52 
playing cards, plus instruction, and is used to 
play a game similar to Solitaire. Our decks 
include Differential Calculus, Integral Cal- 
culus, Applied Calculus, and Fundamental 
Identities from Trig. 


Stock No. 40,314-AC—Set of all four decks....$4.00 Pstpd. 
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REPLICA GRATING ioxatas 9 
Take Unusual Color Photos At Night! | aoounts {oS 

After decades of effort, low-cost diffraction DS Ae 
grating replica film is available. This film Wh ii\\\\ 
has 13,400 lines per inch. Diffraction Grating joes 
has been used to answer more questions ! 
about the structure of the material world and the universe 
than any other single device. Use it for making spectroscopes, 
for experiments, as a fascinating novelty. Cheap enough that 
you can pass a piece out to each student. Produces beautiful 
view of spectrum. Comes in clear plastic protector. 


Stock No. 50,202-AC—includes 2 pieces 8” x 5¥2""— 


1 transmission type, 1 reflecting type........ $2.00 Pstpd. 
Order by Stock No.—Send Check or M.O. Satisfaction Guaranteed 


NEW, LOW-COST LAB PROJECTOR  { 
SHOWS EXPERIMENTS ON SCREEN! 


New way to teach chemistry and science. Project on-the- 
spot experiments, on screen or wall, with magnification, 
actually as they progress. Important phases, reactions ie , 
may be observed by student group in revealing size— = 
perfect vehicle for clear-cut instruction. Projector comes e 
with a 3-element, 80mm focal length f/3.5 anastigmat 

lens and a fast 28mm focal length, 4- olanant f/1.2 lens for microslide pro- 
jection use. Also you get special elevated slide and specimen projection 
stage ; standard 35mm, 2” x 2” slide carrier ; 35mm strip film holder. Addi- 
tional accessories available—water cooled stage; polarizing filters; petri 
dishes; miniature test tubes and holders; gas absorption apparatus, elec- 
trolytic cells and many others. 











a => 


Ne aN i cisasias sicsendsvessesascssscsesescbssentsscesashadtineise $45.00 Postpaid 
Separate motor and blower for cooling Projector. 
I er iid oisd ghee ssakuabacenssencdeadiacnchmasvsicousnabl $15.00 Postpaid 





LOW FRICTION AIR PUCK 
DEMONSTRATES FRICTIONLESS MOTION 


This fascinating model will float around on a flat surface on a 
cushion of air. Just touch it slightly and it will slide frictionlessly 
across the table, etc. Operates on same principle as Ford’s and 
Curtiss-Wright’s new, wheelless air-glide cars. Special balloon 
provides the air, and base is of strong, flat plastic 5” in diameter. 


aN: SN coco cédaceccsiincsuscbavinsanessevicondsoscavenadduceciice $2.00 Postpaid 
6” Dia. heavy Chromed Steel Puck—operated by fizz bottle cartridges. 
I I. Neca canis cece ctetccsnsi'ahpsisaneuedsdiassaccusocensnaed $22.50 Postpaid 





RIPPLE TANK 


Simplifies Teaching of Wave Motion of Light 
One-piece, leak-proof tank is made of opti- 
cally transparent plastic with a clear water 
area 20” x 20” ...1%4” deep. The rigid wood 
frame comes in two identical units, the bot- 
tom frame receiving the water tank and the 
upper frame holding a rigid, translucent 
plastic projection screen. A clear bulb placed 
beneath the tank provides illumination for 
projection. Mechanism is actuated by an - 
eccentric fastened directly to the small motor shaft. Wave 
vibrations are transmitted to the water surface through a leaf 
spring supported rod, to give parallel wave front or point 
source agitation with ‘the supplementary attachment which is 
included. Motor is operated by two flashlight batteries in a 
brass case with a sturdy rheostat to vary the speed. Order 
today. Low cost permits purchase in quantity. 

Some Ble. BE BGG AG aoinecccc.s..cccsscccrccccasessvnes $49.50 f.o.b. 
(Shipping weight 35 Ibs.) Barrington, N. J. 
Order by Stock No.—Send Check or M.O. Satisfaction Guaranteed! 


FREE CATALOG—AC 
128 Pages! Over 1000 Bargains! 


America’s No. 1 source of supply for low-cost 
Science Teaching Aids, for experimenters, hobby- 
ists. Complete line of Astronomical Telescope 
parts and assembled Telescopes. Also huge selec- 
tion of lenses, prisms, war surplus optical instruments, parts 
and accessories. Telescopes, agente ty as satellite scopes, 
binoculars, infrared sniperscopes, math learning and teaching 
aids. Request Catalog—AC and FREE Bulletin 50-AC (on 
Science Teaching Aids). 
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corrected length. Finally, V = V, 
(T/273)*. It is instructive to determine 
the end correction experimentally. Two 
methods are available. 

Method 1. Let f be the fork fre- 
quency, L, the length of the air column, 
and d the end correction. Then V = 
4f(L, + d). Use several forks and 
find the first resonant length for each. 
Plot L, against 1/f. This is a straight 
line with a y-intercept of magnitude d. 
The slope of the graph is also the 
velocity of sound. 

Proof: Write V/4f = L, + d. This 
is of the form y = mx + b, with 
intercept —d, and slope V/4. 

Method 2. Use two forks an octave 
apart. C(256) and C’(512) are good. 
Let C resonate at L;, and C’ at Lo. 
Then 

4x 256x (L; + d)=4x512x 
(L. + d) 
Whence d = L, — 21». 


Experiment 2 
Total Energy of Motion of 
the Earth 


The earth revolves about the sun and 
rotates on its own axis. For this activity 
there is an enormous amount of energy 
used. It is interesting to discover how 
much energy is involved. 

Assume the following data, stated 
approximately: 

Mass of the earth (M) 5.0 x 10?7 
grams (6 x 10?! tons). 

Mean radius (r) 6.0 x 108 cm (4000 
miles). 

Mean distance to the sun (R) 1.5 x 
101? cm (93,000,000 miles). 

Angular speed of rotation (w) 
27/86,400 rad/sec. 

Angular speed of revolution (Q) 
27/365 x 86,400 rad/sec. 

The kinetic energy of rotation is % I 
w*. Using the data above we find KE, 
to be 2 x 10°¢ ergs. The kinetic energy 
of translation is % M0Q?R?. The data 
gives us for KE, 2 x 10*° ergs. 

The translational kinetic energy is 
therefore about 10,000 times the rota- 
tional kinetic energy. 

What could this energy do? Con- 
verting it to heat energy using 4.2 x 10° 
ergs/calorie, this could melt over 10!° 
cubic miles of ice. Assuming the speci- 
fic heat of the earth to be about 1/7 
calorie/gram/C°, this energy could 
raise the temperature of the whole 
earth about 150°. 
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Professional electronic equipment 
for the classroom: 


CAN YOUR 
SCHOOL 
AFFORD IT? 


if you think the answer is no, you're in for a surprise .. . 


Your students deserve the opportunity of working with 
the best electronics equipment possible. Yet, electronics 
equipmentis complex, and, alas, too often, too expensive. 


Is there a solution to this dilemma —this side of a 
Rockefeller grant ? 


We're here to tell you there is ! 


Our idea is simply this: Alden can provide you with 
professional equipment, the identical equipment now 
being used by the design engineer in the field, in the form 
of basic, inexpensive, electronic ‘‘kits’’. Each kit consists 
of all the necessary basic components with which your 
students can plan, lay out, mount, house, fasten, and 
monitor electronic circuitry; planning sheets, terminal 
cards, hardware, terminals, basic chassis for housing, 
eyeleting tools — everything is included. 


These are the advantages: 1) this is professional equip- 
ment, in every way 2) the kits offer limitless flexibility — 
circuitry can be reassembled repeatedly, in endless con- 
figurations, simple or complex 3) additional design tools 
and components can be added as needed, from our stock 
4) these kits are complete —the student starts at the 
planning stage, follows through to completed equipment 
5) the price is reasonable — kits are available at prices 
ranging from $11.50 to $249.50. 


Let us send you complete information. 
There is no obligation. 


= Sa. ha, | aT 

ALDEN 

PRODUCTS COMPANY 
174 N. Main Street, Brockton, Massachusetts 
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With Pickett Slide Rules \ | 
and FREE Teaching Aids ‘ 


Don’t miss your opportunities in shaping creative 
scientific careers with exciting new teaching! Pickett 
provides you with the method —and the tool—in the 
form of a giant 4-foot Demonstration Slide Rule 
that you can wall or desk mount for more effective 
teaching. With it, you get an authoritative instruction 
manual and a suggested Teaching Outline by Pro- 
fessor Maurice L. Hartung, University of Chicago. 
These are absolutely FREE. See your school supplier 
or mail coupon for full particulars. To give your stu- 
dents every advantage tomorrow, send the coupon 
today! 











TEACHING OUTLINE | - 











Pickett All-Metal Slide Rules Feature: j Pickett & Eckel Co., Inc., 542 $. Dearborn St., Chicago 5, Ill 
¢ A model for every course and profession 
Gentlemen: 14C 


e Eye-Saver yellow or white color , 
Please send me full particulars of your FREE Demonstration 


e Micro-Divided for extreme accuracy ' ; , 
¢ Slider tension springs Slide Rule offer with accompanying teaching manuals. 


e Functional scale groupings 











SE I OS a 
¢ Registered lifetime guarantee 
Sk, }) ee EE os ern Eee ee et A eco ee Rape aS 
ADDRESS —___— 
Prrfoll SLIDE RU LES CITY i ZONE___ STATE 
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Nominees for Board of Directors 


As specified in our Constitution, Pres- 
ident-Elect Robert A. Rice will become 
President (NSTA’s fifteenth) next July. 
Candidates for other vacancies to be filled 
as of June 1 are as follows: 


For President-Elect 

Dr. J. Darrell Barnard; New York Uni- 
versity, New York City. 

Mrs. Suan Brown; Public School 
System, Atlanta, Georgia. 


For Secretary 

Mrs. Mildred Ballou; Station KDPS- 
TV, Public School System, Des Moines, 
Iowa. 

Sr. Mary Charlotte; Sisters of Holy 
Cross High School, Los Angeles, Cali- 
fornia. 


For Regional Directors 
Il 
Dr. Hugh Allen, Jr.; Montclair State 
College, Upper Montclair, New Jersey. 
Mr. Richard §S. Smith; Haverford 
Township Senior High School, Haver- 
town, Pennsylvania. 


IV 
Mr. Robert D. Binger; State Depart- 
ment of Education, Tallahassee, Florida. 
Mrs. Ruby B. Fitzgerald; Bossier High 
School, Bossier City, Louisiana. 
VI 
Dr. Clarence H. Boeck; University of 
Minnesota, Minneapolis, Minnesota. 
Dr. Milton O. Pella; University of Wis- 
consin, Madison, Wisconsin. 
Vill 
Mr. Teruo Masatsugu; State Depart- 
ment of Education, Honolulu, Hawaii. 


Dr. Donald W. Stotler; Public School 
System, Portland, Oregon. 


Proposed Action for 
K-12 Program 


One of the major items in the 1959-60 
program of NSTA has been consideration 
of a K-12 program for science. This has 
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now been reviewed by over 2000 persons 
in conference situations and by question- 
naires. It is expected that another 2000 
or more individual teachers will have an 
opportunity to react and help frame 
Association policy on this item during the 
convention in Kansas City, Missouri. The 
proposed action by the Association has 
been developed in the form of a tentative 
resolution by the discussion groups which 
met in Chicago, Illinois during NSTA’s 
annual meeting with the American Asso- 
ciation for the Advancement of Science. 
“We believe that NSTA could make a 
contribution to the further development 
of K-12 science programs in American 
schools by taking action as follows: 


1. Establish a committee (or utilize an 
existing committee) to study the K-12 
science programs that have been de- 
veloped or are in the process of devel- 
opment in communities across the 
country. Careful study of these pro- 
grams would make available to the 
NSTA the thinking and planning of 
hundreds, if not thousands, of teachers 
and other education workers. We have 
in mind such programs as are in the 
process of development in New York 
City; Fairfax County, Virginia; Cincin- 
nati, Ohio; Lexington, Kentucky; 
Indianapolis, Indiana; and Glendale, 
California. 

The analysis and study of existing 
K-12 science programs should take into 
account at least the following important 
factors: 


a. The different procedures of ad- 
ministrative arrangements character- 
istic of the programs studied. 

b. The different communities repre- 
sented in the K-12 programs 
examined—trural, suburban, city. 

c. Differences and similarities among 
the stated goals for the K-12 pro- 
grams. 

d. The policies established or pro- 
posed in the various programs for 
achieving the stated goals; for ex- 
ample, proposed answers to scope 
and sequence problems and provi- 


sions made for taking into account 
the known individual differences in 
abilities and interests. 


2. During or immediately following 
the completion of the study indicated 
above, the committee should explore 
and formulate tentative goals and poli- 
cies for developing K-12 science pro- 
grams looking ahead to realizable 
achievements over the next ten years. 


3. The making of the significant 
changes in present programs needed to 
achieve a dynamic K-12 science pro- 
gram in the schools is fundamentally a 
social process and will require time. 
Therefore, the tasks suggested above 
should be prosecuted without delay in 
order that whatever contribution NSTA 
may be able to make to the further- 
ance of the K-12 science program can 
be initiated within the next two or 
three years. 


4. Finally, we suggest that provisions 
be worked out for promoting and dis- 
seminating the proposals or suggestions 
developed by the committee through 
existing and appropriate channels such 
as the national organizations associated 
with the principals and the elementary 
classroom teachers.” 


Science for Parents of 
Elementary School Children 


Today every parent is concerned with 
getting Johnnie to “learn” science. All 
children can learn science. And all 
parents can help in the process if they are 
properly informed about three things— 
science, children, and the learning 
process. 

Early next fall NSTA will publish a 
booklet for parents, focusing on these 
three points. Dr. Herbert S. Zim, Educa- 
tional Director of the Golden Press, Inc., 
publisher of science books for children, 
will be the author. 


Convention Flash! 


NSTA will be signally honored at the 
Kansas City convention through the addi- 
tion of an eminent British scientist who 
will join with Dr. George B. Kistiakowsky 
as banquet speaker on Friday evening, 
April 1. Through cooperation of the 
British Embassy in Washington and in 
recognition of the tercentenary of the 
Royal Society, we will be privileged to 
hear an address by Professor Samuel 
Devons, F.R.S., Langworthy Professor of 
Physics and Director of the Physical 
Laboratories, University of Manchester. 
His address will stress the historical per- 
spective of science and will be an appro- 
priate adjunct to that of Dr. Kistiakowsky, 
who will emphasize the role of science in 
effective citizenship today. 
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BIOCRAFT MICROSCOPES 





combine high optical quality 
with rugged construction 
for long useful life 





Fine optics and durability characterize the new Biocraft micro- 
scopes. Equipped with high-resolution achromatic objectives, 
these instruments provide excellent image clarity, a prerequisite 
of successful microscope work for beginning student and scien- 
tist alike. 


Total magnifications of 100X and 450X are achieved on popu- 
lar model E2 (illustrated left) by 10X and 45X objectives in 
combination with 10X Huyghenian ocular. Numerical 
apertures are 0.30 and 0.85, respectively, for the 10X and 45X 
objectives. 


Coarse and fine focusing mechanisms are on separate sets of 
dovetail slides. Fine adjustment is micrometer-screw and lever 
type, with a range of over 12 revolutions. Rack and pinion 
coarse adjustment has stop to prevent slide damage. 


——_ MODEL E2 —_— $106.20 EACH IN QUANTITIES OF 


FIVE OR MORE 





DEMONSTRATION 
MICROSCOPES 








One of the most frequently se- 
lected demonstration microscopes 
in the extensive Biocraft line is 
the E6, illustrated right. With four e 
oculars and three achromatic ad 
objectives, a range of 17.5X to 
2500X magnification is provided. 
Price includes achromatic 100X 
objective plus those mentioned for 
model E2, mechanical stage, sub- 
stage condenser in rack and pinion 
mount, and carrying case. 


MODEL E6 
$231.30 EACH. 


FIVE OR MORE 


Complete specifications furnished on request. Ask for circular $59. 


DENOYER-GEPPERT 
COMPANY 


5241 RAVENSWOOD AVENUE CHICAGO 4O,z ILLINOIS 








U.S. Registry—A Progress 
Report 


After many months of planning and 
collecting statistics of science, mathe- 
matics, and language teaching personnel, 
the 1960 U. S. Registry is now available. 
As an example of the basic purpose of 


gathering such a listing, the first mailing 
to teachers was the National Science 
Foundation bulletin on summer programs 
for secondary students of exceptional 
science and mathematics ability. The 
blanketing of the United States with an- 
nouncements of education opportunities 
for teachers and students provides a pro- 
gram of enrichment available to all those 


who are capable and interested in parti- 
cipating in various activities. 

This is the fifth year of registry mailing 
service to teachers by the National 
Science Teachers Association. We have 
cooperated with the National Council of 
Teachers of Mathematics, the National 
Science Foundation, and the Modern 
Language Association of America in mak- 
ing this year’s listing the largest ever 
undertaken. Over 158,000 names with 
school addresses of science, mathematics, 
and modern foreign language teachers 
have been collected and coded on 
machine cards to facilitate the mailing of 
current professional information and 
materials. During these years, the Regis- 
try has been made available to educa- 
tional, professional, and business-industry 
groups for a nominal fee. In 1959, over 
300 mailings went to groups of teachers 
in various breakdowns of teaching assign- 
ments or geographical areas. 

Other information obtained in collect- 






























































TABLE | 
CATEGORY TOTALS 
SCIENCE MATHEMATICS Col.{ Col. 1 Col. 1 
| | } | Total of 
STATE } | | Total Columns 
General | Chem- | | *50% | Science | Grades | Grades | *50°%, Math. Total Total | Science } I, Il, & Il 
Science | Biology istry | Physics | Other | _or | Dept. 7-8 9-12 | or Dept. | Science | Math. | & Math. 
| | | More | Heads | More | Heads | Only | Only | Comb. 
1,124 | 489 343 | 291 | 124 | 745 262 878 911 | 751 | 274 1,008 | 1,002 643 2,653 
_— 17 | 16 | 6| 27 4 24 52) | 7 30| ' 44) 29 103 
} 196 113 | 93 | 46 259 70 130 383 285 66 291 | 357 | 87 735 
503 | 278 173 | 114 | 160 | 379 183 497 560 493 168 $13 660 315 1,488 
1,350 858 | 657 | 917 2,819 | 686 2,271 4,459 3,514 682 2,825 4,750 1,430 9,005 
294 204 | 196 | 137 | 502 | 152 593 698 589 162 601 761 389 1,751 
| 314 237 188 | 131 630 128 373 | 790 665 138 717 801 333 1,851 
| 60 49 | 42 | 42 117 22 104 144 | 130 26 143 | 155 66 364 
71 48 | 34 34 162 38 196 249 | 219 47 177 | 302 | 87 566 
580 320 229 295 1,128 273 1,037 3.293 |} £,233 256 1,399 | 1,543 | 545 3,487 
507 | 339 270 | 144 761 220 603 1,006 832 219 949 | 1,095 480 2,524 
I 1 1 cevedaas 5 S Cieeendcas ai 5 1 5 3 2 10 
85 | 51 38 | 47 179 42 157 247 179 | 46 223 | 277 100 600 
148 105 | 91 85 215 62 233 | 324 | 277 60 275 349 | 200 824 
| 1,258 860 770 | 347 2,111 533 1,156 2,748 | 2,198 | 508 2,604 2,733 | 1,213 6,550 
| 800 546 | 500 209 942 | 281 1,001 1,498 | 1,231 302 1,291 1.497 780 3,568 
665 474 | 506 255 946 346 945 | 1,248 1,037 333 1,208 1,335 769 3,312 
509 | 362 | 319 123 S15 | 248 458 | 890 | 630 242 704 810 | 485 1,999 
341 220 | 154 158 464 142 444 | 691 | 528 139 639 702 | 425 1,766 
| 508 364 187 194 636 219 765 | 979 | 817 205 890 | ,040 719 2,649 
| 193 182 | 154 82 247 109 122 | 401 255 102 260 | 312 226 798 
| 372 233 170 140 794 | 184 763 | 872 | 898 | 181 848 1,022 476 2,346 
} 654 551 | 473 261 1,488 | 327 1,227 | 1,994 1,703 327 1,527 2,094 i 922 2,543 
1,027 748 | 584 340 1,904 471 2,094 | 2,401 | 2.113 458 2,032 2.779" 1,414 6,225 
| 647 502 | 469 202 1,242 352 1,229 1,429 | 1,364 341 1,403 1,653 | 671 3,727 
273 224 | 123 153 332 | 184 440 538 | 456 202 493 624 | 277 1,394 
573 383 | 325 216 | 719 | 282 707 1,186 | 868 270 907 1,179 | 581 2,667 
160 118 | 118 | 82 | 249 | 82 216 | 326 242 81 212 270 | 268 750 
362 242 | 266 142 | 398 | 190 337 | 616 449 184 516 540 | 383 1,439 
34 | 21 24 29 55 12 77 88 67 17 63 | 99 | 71 233 
128 | 115 105 50 222 | 58 119 | 296 225 55 222 | 255 | 137 614 
662 527 | 387 225 1,436 | 290 Gry | §.¢e0 1,490 | 284 1,634 1,800 | 571 4,005 
190 119 | 82 $2 250 | 75 255 | 374 328 68 307 | 410 187 904 
1,695 1,383 | 1,001 1,043 3,727 | 773 2,564 | 4,170 3,822 721 4,287 4,848 | 1,393 10,528 
743 502 | 398 302 887 | 359 1,161 1,287 919 306 1,085 | 1,402; 1,061 3,548 
210 154 118 95 214 | 122 282 | 328 236 119 263 324 | 265 852 
471 275 194 153 564 222 733 | 856 726 | 258 692 | 994 | 428 2,114 
| 3,33 946 | 736 616 | 2,152 468 1,754 2,654 2,248 | 448 ‘ee Aah. 1,336 6,717 
324 200 | 142 118 | 483 122 284 | 705 496 130 556 652 | 332 1,540 
| 1,366 1,072 | 861 | 593 | 2,869 | 587 2,108 | 3,417 2,984 558 3,569 3,809 | 1,197 8,575 
85 53 ae | 16 | 98 27 79 | 154 | 97 | 22 101 | 106 | 120 327 
77 56 | 36 | 23 164 39 166 | 236 | 170 | 37 171 209 | 169 549 
352 254 | 167 86 567 | 199 705 752 | 790 186 785 906 | 501 2,192 
182 135 | 121 66 218 | 115 214 | 328 221 | 91 263 266 267 796 
| 428 | 317 211 172 571 207 625 | 917 731 | 212 822 1,072 419 2,313 
1,338 | 886 | 656 628 1,820 598 2,126 2,900 2,469 635 2,648 3,989 865 7,502 
138 | 74 68 90 | 258 71 314 340 294 | 67 262 412 | 194 868 
TTT Ce LTE 144 | 108 | 90 | 85 46 154 59 85 | 222 132 | 50 156 172 124 452 
ROO nee rae 1,075 | 546 368 | 221 127 | 950 | 229 890 1,206 1,096 | 225 1,101 | 1,278 566 2,945 
VIRGIN eRe Sages Pree See Re om. ape ee he od | ae ceeninis apppp es tes temo. ‘egeengt Freon 4 60008 See: tar 
SRE ERP 600 433 292 | 210 iSi| 646| 183 882 | 1,069| 784| 176 711 | 1,239 | $75 2,525 
wv Rings nig eee ces Coenen 564 314 216 145 100 | 450 | 118 463 592 | 504 124 703 661 | 236 1,600 
A Perr re 755 561 420 | 373 180 902 277 523 | 1,195 | 926 | 275 1,019 1,122 | 587 2,728 
i) SPP eee Tee ee 91 81 64 | 58 26 95 | 43 76 | 163 | 114 42 112 146 | 79 337 
(| ee 39,089 | 24,360 | 17,406 | 13,829 | 9.992 | 40,677 | 11.346 | 36,165 | 54,860 | 45,862 11,173 | 48,814 | 59,649 | 25,995 | 134,458 








* Teachers who spend 50% or more of their time teaching Science or Mathematics. 
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ing data from principals includes the type 
of school and community, the sex of the 
teachers, the school enrollment, and the 
grade levels of the reporting schools. 
These data will be compiled, reported, 
and interpreted by the National Science 
Foundation. Excellent opportunity for re- 
search studies using these statistics or 
questionnaires sent to controlled samplings 
will develop as we make the U. S. Registry 
available to graduate students. (See Table 
I for statistics on science and mathe- 
matics.) 

Within the grand total of 158,000 
teachers are included 48,814 who teach 
only science and 25,995 who teach science 
and mathematics. Those who teach only 
mathematics number 59,649 and approxi- 
mately 23,000 modern language teachers 
are reported. These figures are based on 
reports made by principals of 19,819 
public and private secondary schools. 
Names are continually being added as 
forms are received in the headquarters 
office. Those reporting represent 75 per 
cent of all the secondary schools in the 
United States; the question remains as to 
why the other 25 per cent of the prin- 
cipals have not reported and what im- 
provements can be made to have all 
teachers represented on the registry. 

If readers are interested in or have a 


need for other tabulations on science, 
mathematics, or modern language teach- 
ing personnel, write to NSTA _head- 
quarters asking for registry information. 


Research Participation 

We are convinced that many science 
teachers want to do research while they 
are teaching. Last fall all NSTA members 
were alerted that the FSAF budget for the 
current year contained some funds to 
support research projects, and that re- 
search proposals would be accepted. The 
response to this announcement was grati- 
fying. Late in January a group of re- 
search scientists, science teachers, and 
science educators met in Washington to 
evaluate the proposals that had been re- 
ceived. Members of the group were 
pleased with the quality of these pro- 
posals, but it was not possible to award 
grants to all of the applicants. Those to 
whom support was granted, together with 
the titles of their research studies, are as 
follows: 
1. Harold L. Eddleman, Salem-Washing- 

ton High School, Salem, Indiana. 

Project: A Search for Mutations in 

Tribolium castaneum. 
2. Cyril S. Kaplan, Flushing High School, 

New York. 

Project: Gravimetric Determination 


of Complex-Ion Formation in Nitrate 
Melts. 


. Gerald Mallmann, Fox Valley Luth- 


eran High School, Appleton, Wisconsin. 

Project: The Construction of Copper, 
Cuprous Chloride, Magnesium Bat- 
teries. 


. Sister M. Monica Asman, O.S.F., St. 


Mary’s Academy, Winlock, Washing- 
ton. 

Project: The Yellow Fever Trans- 
mitting Mosquito, Aedes aegypti. 


. Sister M. Stephen McCollum, C.S.J., 


Luckey Manhattan, 
Kansas. 

Project: General Fallout Patterns of 
Strontium 90 in the United States in 


the Early Fall of 1959. 


High School, 


. George C. Turner, Claremont Senior 


High School, California. 

Project: Professional and Lay Per- 
ceptions of Issues Confronting Science 
Education in the Public Schools. 


. Martin Van Dyke, Denver Christian 


High School, Colorado. 

Project: A Study of the Reaction 
of Alpha-Benzoin-Phenylhydrazone in 
Pyridine with Copper Sulfate in Water. 


. Ruth O. Wenner, Lyons Township 


High School, Western Springs, Illinois. 
Project: The Utilization of Certain 
Amino Acids by Kloeckera Yeasts. 











with the 


eliminates need for batteries. 


Your students can Sa 


AVAILABLE NOW! for the FIRST TIME 





InNGSTONM 


RIPPLE TANK 
PRODUCE WAVES OF VARIABLE FREQUENCY and AMPLITUDE 


Preduces all types of wave phenomena right in your class room. With the 
fixed phase wave generator (in circle) you can produce plain or radial waves, 
differing in frequency or amplitude. Designed for student participation, it is 
easy to set up, completely safe, rugged, flexible and easy to store. Meets all 
requirements of the PSSC course. Special barriers to show reflection, refraction, 
diffraction and interference are available as accessories. 115 volt a.c. plug-in 





wave phenomena 


How you may order your apparatus 


g 






@ RTA-100 Complete fixed phase apparatus . $73.45 

VARIABLE PHASE WAVE GENERATOR e@ WG-100 Fixed phase wave generator only . $29.75 
In addition to waves pro- @ RTA-200 Complete variable phase apparatus $99.70 

duced by the RTA-100 de- e@ WG-200 Variable phase wave generator only . $56.00 


scribed above, the RTA- 
200 generates 2 radial or 
2 plain waves which are 
out of phase . . . also of 
different frequencies or dif- 
ferent amplitudes. 





f.o.b. Medfield, Mass. 
Order now, or write for details on any of the above products 


INGSTOW SCIENTIFIC 


MEDFIELD, MASSACHUSETTS 
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Green Universe. Edward F. Dolan, Jr. 244p. 
$3.50. Dodd, Mead and Company, 432 
Fourth Ave., New York 16, N. Y. 1959. 


The story of the last complete scientist, 
Baron Alexander Von Humboldt, and his 
travels and studies with his companion Aime 
Bonpland are related in superb narrative, 
often with true scientific insight on the part 
of the author. Major episodes include 
exploration of the Orinoco, the climb of 
Mount Chimborazo, and the survey of 
Russia’s natural resources. Alexander 
friendship with Thomas Jefferson and Simon 
Bolivar and his snub by Napoleon are treated 
as if Dolan had been a witness. 


Von Humboldt’s concern with earth mag- 
netism, vulcanism, and harmony in all 
nature is carried throughout the story, as 
is his revulsion against slavery. The book is 
extremely well written, in warm, flowing 
style and the reporting factual. 

RUBEN PARSON 
Northern Illinois University 
DeKalb, Illinois 


Planning and Organizing Science Programs 
for Elementary Schools. Martha Glauber 
Shapp. 72p. $1. The Grolier Society, Inc., 
575 Lexington Ave., New York 22, N. Y. 
1959. 


Many educators are currently developing 
science programs for the K-6 years. A help- 
ful source of ideas will be found in this 
teacher’s guide to The Book of Knowledge. 
The topics covered are those commonly 
found in the elementary science curriculum. 
They are Weather, Living Things Around 
Us, Our Earth, Beyond Our Earth, Magne- 
tism and Electricity, Transportation, and 
Communication. 


Each subject matter area is organized in 
a similar fashion. Following the introductory 
remarks, there is a topical outline of sub- 
divisions of the subject. For each topic, 
specific references are given to the encyclo- 
pedia volumes. There is an indication of the 
usefulness of the material at the K-3 and 
4-6 levels. 


The references are followed by a section 
on “Things to Do” for each major topic. 
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Suggestions include experiments, demon- 
strations, collections, construction activities, 
art work, and reference research. 


The classroom teacher will find frequent 
use for this handy guide if the encyclopedia 
set is available; it serves as reference to 
resource material for student and teacher. 
The outlines of subject matter can be used 
as guides in unit planning. The “Things to 
Do” should enrich classroom activities for 
every teacher. 


The publishers have performed a unique 
service in providing teachers with this easy- 
to-use guide. 


ROBERT A. BULLINGTON 
Northern Illinois University 
DeKalb, Illinois 


All About Missiles and Satellites. David 
Mark. 96p. $1.50. Cowan Publishing 
Corp., 300 West 43rd St., New York 36, 
N. Y. 1959. 


The author has performed an excellent job 
of describing and explaining the basic prin- 
ciples of missiles, satellites, and space travel 
on a level that is designed to reach the high 
school student. 


This paper-bound book is divided into two 
sections. The first deals with missiles and 
their airframes propulsion systems, nose 
cones, and guidance systems. It also includes 
a directory that describes and illustrates the 
various missiles used by the armed forces. 


The second part considers the launching 
of satellites, satellite orbits, how satellites 
are able to telemeter information back to 
earth, and the technical terms commonly 
used in missile and satellite work. It con- 
cludes with a review of the outstanding 
facts about space travel, and the reasons 
why men are beginning to reach more for the 
stars and outer space. 


Recommended for high school students, 
their teachers, and their parents. 


HarROLpD S. SPIELMAN 

Associate Professor of Education 
City College of New York, 
New York 


90° South. Paul Siple. 384p. $5.75. G. P. 
Putnam’s Sons, 210 Madison Ave., New 
York 16, N. Y. 1959. 


The book 90° South describes the histor- 
ical background and the building of the 
American Base at the South Pole. It presents 
in simple language the human and material 
aspects of this special International Geo- 
physical Year project. The narrative style 
employed to portray the sociological, tech- 
nological, and basic science drama gives to 
the book a very strong element of human 
interest. The simplicity with which everyday 
events are related and interpreted illustrates 
the literary aptitude of the author and helps 
the book to be easily understood. 


The author gives reality to basic human 
behavior patterns in describing the camp 
personnel with the varied backgrounds, edu- 
cation, and ethical codes. The basic principles 
in human behavior are exposed and made 
quantitative by the author in the techniques 
employed to maintain a continuing work 
program in the face of material, environ- 
mental, and humanistic handicaps. The de- 
scriptions are both graphic and measurable 
in portraying the development of mutual 
collaboration between military and civilian 
personnel. Keen insight is shown for human 
emotions when relations between on-the- 
spot scientific personnel and the adminis- 
trative scientific personnel back in the States 
are analyzed. 


The very deep academic devotion to polar 
research assigned to Admiral Richard E. 
Byrd by the author of this book is symbolic 
of the kind of human drive and devotion 
required in many areas of basic scientific 
research. The contributions for science 
which were made by the eighteen men who 
spent the first winter at the American Base 
at the South Pole are ranked as high 
among all the accomplishments in science 
made during the International Geophysical 
Year. Many details of a scientific nature 
pertaining to upper atmosphere physics, 
meteorology, glaciology, geology, ocean- 
ography, and astronomy are specifically 
described. 

LorREN T. CALDWELL 
Northern Illinois University 
DeKalb, Illinois 
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cereal and milk cereal and milk 
for all ages for all 
cereal and_milk for snacks 
for all 
for better meals 
cereal and milk 
for all 


for better nutrition 


cereal and milk 
for all 
in recipes 


cereal and milk 
for all 
for economy and convenience 


cereal and milk 
for all 
for tasty, easy combos 


Free new 8-page, 814 x 11” 
CEREAL GLOSSARY 
booklet available. 
Includes basic information 
on cereal grains, 
food value of breakfast 
cereals, and nutritional 
contribution of cereal and CEREAL INSTITUTE, Inc. 
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The Fifth Mental Measurements Yearbook. 
Oscar Krisen Buros, Editor. 1292p. $22.50. 
The Gryphon Press, 220 Montgomery St., 
Highland Park, N. J. 1959. 


Critical reviews of tests published since 1952, 
hence a supplement to the previous Mental 
Measurements Yearbooks. References to 
studies and research on the tests are also 
included, as well as reviews of books in the 
field of measurement. Reviewers are selected 
for competency in their fields. An invaluable 
help in the selection of standardized tests in 
any field. 


The Mammals of North America. E. Ray- 
mond Hall and Keith R. Kelson. Volumes 
I and II. 1194 p. $35. The Ronald Press 
Co., 15 East 26th St., New York 10, N. 
Y. 1959. 
An impressive taxonomic reference work 
describing over 3800 kinds of mammals from 
Greenland to Panama and to Alaska. 
Equipped with artificial keys to help with 
identification of species, along with many 
distribution maps, numerous drawings of 
mammals, and details of skull structure. Qual- 
ity printing throughout in easy-to-read print 
with a sturdy binding that should stand 
much use. A valuable addition to the library 
of anyone who might be dealing with mam- 
malian taxonomy 


TALS 


Curious Naturalists. Niko Tinbergen. 280p. 
$5. Basic Books, Inc., 59 Fourth Ave., 
New York 3, N. Y. 1958. 


An excellent, illustrated, scholarly intro- 
duction to the interpretation of animal be- 
havior. Data collected by the author during 
25 years of field investigations are presented 
in nontechnical terms. Orientation, territory 
formation and defense, protective coloration, 
life cycles, interrelationships, and other per- 
tinent topics are discussed. Readily under- 
standable by senior high school students and 
nonprofessional naturalists. 


The Human Reproductive System. Third 
Edition. Thomas H. Knepp. 56p. $1. Wm. 
C. Brown Company, 135 South Locust St., 
Dubuque, Iowa. 1959. 


A useful text-booklet for high school students 
on a subject frequently omitted from biology 
texts. Developed after many years of experi- 
ence by the author in teaching the subject 
in the high school. Text and drawings explain 
the male and female systems, human em- 
bryology, pregnancy, birth, and some aspects 
of heredity. Paper cover with spiral binding. 


Wonders of the Arctic. Jacquelyn Berriil. 
94p. $2.95. Dodd, Mead and Company, 
432 Fourth Ave., New York 16, N. Y. 1959. 


Beginning with a descriptive account of the 
physical setting of the arctic, the author pro- 
ceeds to give an interesting account of some 
of the forms of life found there. Strong 
features of the book include the biological 








“space age”. 


to simulate its conditions. 


In teaching, there is a compelling need to give students an opportunity to do more than 


just read about the universe. 


The fiction of Jules Verne is rapidly becoming fact as the world begins to adapt to a new 
Satellites are now in orbit. Sending a rocket to the moon is under active 
discussion. Outer space travel is sufficiently close for the conducting of military experiments 





UNITRON telescopes are America’s largest 
selling refractors. 
test of time and are fully guaranteed. There 
are 16 models to choose from and easy payment 
terms are available. 

Here is a selection of UNITRON Refractors: 
1.6” Altazimuth R., 


They have withstood the 

















An astronomical telescope must be capable of resolving pinpoints of light at enormous 
distances. It, therefore, has to be designed specifically with that objective in view. Highly 
precise and matched optics are essential to obtain the crystal-clear image definition so 

ry for astronomical observations to be meaningful. Mechanical mountings must also 








4” Equatorial 
6" Photo-Equatorial with clock drive 
and Astro-Camerad ..............ccccccceeeeeeneee $5660 


necessa 
be built to close tolerances in order to accurately track a star or planet. 
all of these requirements superbly matched in a UNITRON. 


. 





2.4-Inch ALTAZIMUTH REFRACTOR 
MODEL 114—COMPLETE with Altazimuth 
Mounting and slow motion controls for both 
altitude and azimuth, tripod, 5X-16mm. view 
finder, rack and pinion focusing, 4 eyepieces 
(100X, 72X, 50X, 35X), choice of UNIHEX 
rotary eyepiece selector or star diagonal and 
erecting prism system, sunglass, dewcap, 
dustcap, wooden cabinets, 
instructi 
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You will find 














“ Aelinch PHOTO-EQUATORIAL REFRACTOR 


MODEL 166—COMPLETE with Equatorial 
Mounting and slow motion controls for decli- 


STRUMENT 





This valuable 38-page Observers Guide and Catalog 
is yours for the asking! It will help you in the wise 
selection of a telescope suitable for your needs and 
at a price to fit your budget. 


Bas Sa 
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nation and R.A., setting circles with verniers, Please charge D Observer’ 
clock drive, metal pier, Astro-Camera, 10X- Guide pu sb tndy why ae ~ hae oA 
42mm. viewfinder, 2.4’ guide telescope, rack Name . 
and pinion focusing, 9 eyepieces (375X-25X). nent 


yer solar aperture diaphragm, UNIBAL- 
NCE, dewcap, dustcap, wooden $1 280 
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CENTRIFUGE 


COMPLETELY SAFE 
for student use. 


Interchangeable cast 
aluminum head holds 
10 x 75 mm tubes and 
13 x 100 mm tubes. 


No waiting—stop Cen- 
trifuge with slight palm 


pressure. Silent, rug- 
gedly built for long 
life. 
No. T 3080 Waco 
Separator for 100 volt 
eS oc ree $47.00 
U/) Vas 
Y) In, 
WY —_SPATULAS 
: Only 24¢ each 
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HAND FINISHED Spatulas perfectly shaped 
for semi-micro. Corrosion-resistant monel 
metal with a red plastic handle. Blade is 
slightly dished with a round bottom. 

No. T 10115—Waco Spatulas, monel, 175 
mm long, 23 X 5 mm blade tapered to 
3 mm tip. 


$3.10 per dozen $24.00 per 100 


UY,U-V7 


\a/ _—HOT PLATE 


A 3” personal hot plate 
for each student. 
Priced under three 
dollars. Made to speci- 
fications of Dr. L. F. 
Fieser for organic semi- 
micro. Nichrome ele- 
ment and highly con- 
ductive aluminum head. 
Complete with cord set. 


No. T 6612—Waco hot plate.................. $2.95 


Adjustable Natural and Mixed 
Gases. 











Both gas and air are adjust- 
able for full control of flame. 
Nickel-plated brass with flame 
stabilizer top. Takes 1s wing- 
top, burner height 85 mm. 


No. T 2627 Waco Burner 


Li. sling cash atheticites $1.80 each 
Dozen OF MOFTE..........c...00006 $1.60 each 
WRITE FOR FREE SEMI-MICRO Catalog 


No. T-3 


LABORATORY SUPPLIES AND EQUIPMENT 


ANDERSON (CO. 


ST CHICAGO 51, ILL. 


WILKENS- 
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comparisons and geographical relationships. 
These interpretations will enable the student 
to gain a keener appreciation of the physical 
and natural features of this important land 
area. Illustrated with line drawings. Recom- 
mended for elementary and junior high stu- 
dents. 


Our Space Age Jets. Plastic Magic. Snow 
Surveyor. Mapping the World. C. B. 
Colby. 48p each. $2. Coward-McCann, 
Inc., 210 Madison Ave., New York 16, 
N. Y. 1959. 

One author has written four very interesting 

and informative books for upper grade 

children. Profuse photographs illustrate each. 

New and unusual information is revealed. 
Our Space Age Jets pictures and describes 


23 jet planes, most of recent design. Plastic 
Magic reveals many fascinating kinds and 
uses of plastics. Snow Surveyors is a fasci- 
nating account of the little-known work of 
the men who record the snowfall in our 
western mountains for the U. S. Department 
of Agriculture. Mapping the World shows 
how the U. S. Army Corps of Engineers 
surveys and maps difficult terrain. 


1001 Questions Answered About the Min- 
eral Kingdom. Richard M. Pearl. 326p. 
$6. Dodd, Mead and Company, 432 
Fourth Ave., New York 16, N. Y. 1959. 


The questions and answers in this book are 
worded for the secondary school student, 
and are organized by topics under the gen- 





and a recent photograph. 


Write: Mr. Lon H. Colborn 


312 Normal Avenue 





OUTSTANDING 
SCIENCE TEACHERS 


Opportunity as of September 1960 for retired high school chemis- 
try and physics teachers with demonstrated background of out- 
standing ability. Assignments may be rotated each year at various 
locations near industrial plant cities. Successful candidates would 
be rated as visiting teachers for nine month school term at excellent 
remuneration. Program wa‘ initiated by Olin Mathieson Chemical 
Corporation and successfully carried out as pilot operation in 
Monroe, Louisiana. This program is now being expanded to other 
locations. It is limited to two classes of fifteen students each and 
constitutes a college level course for scientifically talented students. 
Teachers should have the equivalent of a masters degree in the 
solid subject. This is an exceptional opportunity for those looking 
for new intellectual stimulation and opportunity. In applying, 


please send a record of your educational background, experience 


Educational Consultant 


Slippery Rock, Pennsylvania 
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nd topics covered in typical chapters are and synthetic materials. Book concludes with the biological sciences is illustrated by the 
a minerals and crystals, igneous rocks, pre- a summary of the status of chemistry today excellent analysis of nineteenth-century 
- cious metals, base metals, iron and ferro- and a forecast of things yet to be discovered. evolution without similarily considering the 
~ alloy metals, etc. Answers are sufficiently For the better high school student. A Mentor _ relationship of cytology, genetics, and syste- 
~ complete to meet most of the needs of Book, paper cover. matics to twentieth-century evolution. A 
a students in general education science. Tech- book of greater importance to the physical 
mg have a at in most Cases. Science Since 1500: A Short History of scientist than to the biological scientist. 
Shou © a use ul reference in any high Mathematics, Physics, Chemistry, and 
school science course. Biology. H. T. Pledge. 358p. $1.85. Harper All About Archaeology. Anne Terry White. 
in- and Brothers, 49 East 33rd St., New York 148p. $1.95. Random House, Inc., 457 
»p- Exploring Biology: The Science of Living 16, N. Y. 1959. Madison Ave., New York 22, N. Y. 1959. 
32 Things. Fifth Edition. Ella Thea Smith. , 
‘9. 7132p. $5 20. Harcourt, Brace and Com. be Original publication of Science Since The fascinating work of the archeologist as 
pany, Inc., 750 Third Awe New York 17, /590 is now twenty years old—having been a detective of time is vividly portrayed. 
re N.Y 1959 : * published at the outset of World War II. Methods of operation, dating techniques, and 
at, ’ This book’s coverage of a subject so im- civilizations of the past interestingly de- 
n- A popular high school text has been com- possibly vast and complex must necessarily scribed. Ancient Greece, Troy, palace of 
pletely reorganized, rewritten, and greatly be selective. For instance, theory largely Minos, pyramids of Egypt, Incas, Aztecs, and 
expanded with many new illustrations. It is 
-” brought up-to-date with much new material. 
The user will find that most of his favorite . P . . 
topics are included, although many will con- | there is one high school physics text written for the space age 
sider it unfortunate that the space devoted 
to organic evolution has been drastically B A S I( ) P H Y S 1 ¢ : S 
reduced. The clearly written text and many 
— nag pe features _— this a by Dr. Alexander Efron, Stuyvesant High School, N.Y.C. 
ook worthy of consideration b , ‘ . SE? , ‘ 
elena Ane Sy Se Sone Atom age physics—not Newtonian age physics in keeping with 
: today and tomorrow’s needs for instruction in science 
Wonders of the Deep Sea. Boris Arnov, Jr. . . : : : 
and Helen Mather-Smith Mindiia. 96 Basic Physics is a thoroughly modern text with a new teaching approach 
$2.95. Dodd d C ’ offering an enriched course in intermediate physics for high school and junior 
32.95. Dodd, Mead and Company, 432 college students. High school students using Efron’s Basic Physics have done 
Fourth Ave., New York 16, N. Y. 1959. exceptionally well in Regents’ Examinations. 
This informative book explains in an easy- In addition to the classical subjects, these are some of the vital, modern, up-to-the-minute 
to-follow style many questions that young subjects comprehensively covered in Efron’s Basic Physics . . . Does your present text deal 
A : adequately with them? 
people pose about the oceans. It relates how e “Anatomy” of Solids ¢ Surface Energy in Liquids « Heat: Energy in Transit ¢ Temperature: 
the oceans began and the important role an Energy Level or “Hill”. ¢ Graphics of Heat Exchange ¢ ~~ Carriers and Heat sremapest 
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and junior high students “Hydraulic” Treatment of Current * The Anode-Cathode Controversy ¢ Graphics of Electrical 

é Resistance ¢ Mechanics of Induction ¢ Circuits, Vectors, and Mathematics of Alternating Cur- 
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i ildli School, Monmouth, Ill. Francis W. Parker School, icago, Ill. West High School, ckford, Il. 
serving our wildlife resources. He stresses Elkhart High School, Elkhart, Ind. Ames Community School District, Ames, Ia. Hebron Academy, 
the relationships of all forms of wildlife to Hebron, Me. Friends School, Baltimore, Md. Board of Education, Baltimore County, Towson, Md. 
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; H : - Mass. Milton Academy, Milton, Mass. Detroit County Day School, Birmingham, Mich. A. B. Davis 
of changing agricultural practices upon ani High School, Mount Vernon, N. Y. Fieldston School, New York, N. Y. Forest Hills H. S., Forest 
mal populations. The necessity of balance Hills, N. ¥. Fulton H. S., Fulton, N. Y. Andrew Satine H. ., Cambria Heights, N. Y. New 

Ww i i Yor rade School, New York, N. Y. The Nic chool, Buffalo, N. Y. Peekskill Military 
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able book is a valuable source of information many others. 
for any student of biological conservation. £195, 2 vols. in one cloth binding, 724 pp., 800 illust., $7.60 list. 

BRILLIANTLY CONCEIVED LABORATORY WORKBOOK FOR BASIC PHYSICS. 
Understanding Chemistry. Lawrence P. Les- PHYSICS QUESTIONS & PROBLEMS—with answers by Dr. Alexander Efron. 
sing. 192p. 50¢. The New American Lists more than 600 important problems and answers for use in conjunction with BASIC 

Library of World Literature, Inc., 501 PHYSICS. #195-3, $1.50. 

Madison Ave., New York 22, N. Y. 1959. Send for review copies on 30-day approval. At end of 30 days 
An interesting account of th — you can either remit price of book or return it without cost. 

unt of the role chemistry 
a riage - : CH l . ST- 
plays in everyday living written in the SCHOGL SAGER ASTEs haa 
language of the layman. Begins with theories 
relating to the origin of the earth, beginnings JOHN Z RIDER PUBLISHER, INC. 
7 of scientific thought, and leads up through 116 West 14th Street, New York 11, N.Y 
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For a sound foundation 
in science 


SCIENCE TODAY AND TOMORROW 


By Gerald S. Craig and ten teacher-specialists in science 

With the books of this outstanding series in authentic science, boys 
and girls are given a real opportunity for learning through reading, 
doing experiments, discussing, and observing. 

Excellent Teachers’ Editions provide 
experiments, suggestions for present- 
ing the subject matter, and background 
material. 


Books for grades 1-8. 


Be sure to write for more 
information. 


GINN AND COMPANY 


CHICAGO 6 
TORONTO 16 


Home Office: BOSTON 
ATLANTA 3 


Sales Offices: NEW YORK 11 
DALLAS 1 PALO ALTO 








Mayas are among the discoveries treated. 
Illustrated with black and white drawings. 
Recommended for elementary and junior 
high groups. 


Seeing the Earth from Space. Irving Adler. 
160p. $3.50. The John Day Company, Inc., 
210 Madison Ave., New York 16, N. Y. 
1959. 


Gives detailed knowledge of the information 
discovered thus far in the space programs. 
Develops the story of space exploration by 
simply covering the principles of rocketry, 
the earth satellites, and rocket programs. 
Two-thirds of book devoted to explanations 
of the findings about the earth and near space 
discovered by the space probes. Well written 
for junior high students and also useful for 
senior high study of space. Illustrated with 
photographs and drawings. 


How Old Is the Earth? Patrick M. Hurley. 
160p. 95¢. Anchor Books, Doubleday & 
Company, Inc., Garden City, N. Y. 1959. 

Portrays man’s attempt to date the earth 
and traces the methods of dating. Includes 
chapters on the earth’s structure and begin- 
nings. Well written. Suitable as reference 
and interest reading for senior high and 
college students and adults. Illustrated. 


Men, Moss and Reindeer: The Challenge of 
Lapland. Erick Berry. 96p. $2.50. Coward- 
McCann, Inc., 210 Madison Ave., New 
York 16, N. Y. 1959. 

The upper grade reader will enjoy this 

story of the Lapps and their complete de- 








“HOW TIMES HAVE CHANGED” 


Not so long ago you would have had to pay at least 
$250.00 for this 
EXCELLENT MICROSCOPE 


TODAY only $63.00 will bring this FINE instrument to you on a ‘FULLY GUARANTEED” 
and “MONEY BACK BASIS” 


DEFINITELY A MUST IN EVERY SCIENCE CLASSROOM 


FEATURES INCLUDE: 
ACHROMATIC OBJECTIVES 
COATED LENSES 
SAFETY STOP (to prevent damage to slides as well as objectives) 
DISC DIAPHRAGM (for correct LIGHT) 
COARSE ADJUSTMENT 
FINE ADJUSTMENT 
DE-LUXE CARRYING CABINET 

















EYEPIECES OBJECTIVES MAGNIFICATIONS 
10X and 10X and 40X 50X to 600X 
5X or 15X on Double 
DUSTPROOF 
Nosepiece 
Quantity Discounts Available on Request 
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; 836 Broadway, N.Y.C. 3, N.Y. : 
; Send FREE COLOR CATALOGUE To: ; 
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pendence upon their reindeer herds and the 
moss upon which the animals feed. Rigors 
of the Arctic winter and the nomadic life 
of the summer are well told. Has many fine 
photographs. 


Albert Einstein. Arthur Beckhard. 126p. 
$2.50. G. P. Putnam’s Sons, 210 Madison 
Ave., New York 16, N. Y. 1959. 


A well-written biography of the life of 
Einstein suitable as enrichment reading for 
junior high school students. Explains his 
life, his interests, and how he developed 
his theories. Illustrated with sketches. 


The Young Inventors’ Guide. Raymond F. 
Yates. 104p. $2.50. Harper and Brothers, 
49 East 33rd St., New York 16, N. Y. 
1959. 


A book for the young inventor. Describes 
inventors, and inventions of the past that 
have reaped rewards for their creators. Con- 
tains suggestions for protecting an invention; 
how a patent should be obtained; cost of 
obtaining a patent; and how to market an 
invention, once a patent has been granted. 


All About Prehistoric Cave Men. Sam an:} 
Beryl Epstein. 138p. $1.95. Random 
House, Inc., 457 Madison Ave., New York 
22, N. Y. 1959. 


Discusses life of early men, who they were, 
and how they lived. Peking Man, Neander- 
thal Man, and Cro-Magnon are described. 
Discoveries of both professional and amateur 
archeologists interestingly portrayed. Illus- 
trated with drawings. Recommended for ele- 
mentary and junior high groups. 


Making Electricity Work. John M. Kennedy. 
214p. $3.50. Thomas Y. Crowell Com- 
pany, 432 Fourth Ave., New York 16, 
N. Y. 1959. 


Explains electricity in terms easily under- 
stood. Especially suited for junior high stu- 
dents who are interested in the whole field 
of electricity. Covers circuits, magnetism, 
motors, and generators. Ideas for things to 
build and things to do. Illustrated. 


The Chemical Elements. Helen Miles Davis. 
(Revisions by Glenn T. Seaborg.) 204p. 
50¢. Science Service, Inc., 1719 N St. 
N. W., Washington 6, D. C., or Ballantine 
Books, Inc., 101 Fifth Ave., New York 3, 
N. Y. 1959. 


The authoritative and fascinating story of 
man’s discovery of each of the building 
blocks of the physical universe. Excerpts 
from the original publication in the discov- 
erer’s own words are included. This is the 
revised edition of a successful book which 
has had wide usage. It should prove a val- 
uable aid to teachers who wish to add his- 
torical flavor to their discussions. A highly 
readable handbook which should prove use- 
ful to student and teacher alike. 


Water—Or Your Life. Revised Edition. 
Arthur H. Carhart. 322p. $4.50. J. B. 
Lippincott Company, East Washington 
Square, Philadelphia 5, Pa. 1959. 


Every student of conservation should have 
access to this hard-hitting and authoritative 
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discussion of our national water problems. 
The well-qualified author stresses the im- 
portance of this natural resource and reveals 
the difficulties, arising from many conflicting 
interests, of controlling its use. Little changed 
from the 1951 edition except for a new clos- 
ing chapter telling of the great strides in 
water use and pollution control made in the 
last decade. 


Men, Planets, and Stars. Clyde B. Clason. 
160p. $2.95. G. P. Putnam’s Sons, 210 
Madison Ave., New York 16, N. Y. 1959. 


Brief survey of the developments in astron- 
omy from the time of the Babylonians to the 
present. Presents an accurate description of 
our system. Famous astronomers are cited 
in the presentation of the material. An intro- 
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duction is given to the field of discoveries in 
spatial relationships. For junior high school. 


Exploring Physics. New Edition. Richard F. 
Brinckerhoff, Judson B. Cross, and Arthur 
Lazarus. 732p. $5.20. Harcourt, Brace 
and Company, Inc., 750 Third Ave., New 
York 17, N. Y. 1959. 


The outstanding characteristics of this high 
school text are: (1) its more than usual 
comprehensive preview of the year’s work 
in the first two chapters, (2) its use of ex- 
cellent two-color diagrams, (3) its inclu- 
sion of stimulating material for the 
better students, suggestive of the possibilities 
of further reading from other sources, and 
(4) the comprehensive material at the end 
of the book, including formulas, a mathe- 


LECTRICITY 


ELEMENTARY 
SCIENCE ELECTRICITY 


A complete science package 
for the elementary level. In- 
cludes all necessary parts and 
apparatus to perform both the 
teacher demonstrations and 
the student activities outlined 
and illustrated in “Electricity 
and Magnetism” — Atkin and 
Burnett, published by Rine- 
hart and Company, Inc. In- 
cludes magnets, switches, 
lamps, batteries, buzzer, 
motor-generator, telegraph 
demonstrator, telephone dem- 
onstrator, meter, compasses, 
plus the many miscellaneous 
parts shown. 


Kit No. 71A complete with 
manual “Electricity and Mag- 
netism”—Atkin and Burnett 

$89.50 


ST. LOUIS TYPE MOTOR— 
DEMONSTRATOR 


Radical irmprovement in efficiency 
permits operation on ordinary flash- 
light cells. 

Adjustable brush holders, heavy cast 
aluminum base, low current drain are 
only a few of the features of this 
versatile rugged unit. 

Detailed instruction sheets permit a 
comprehensive study of motor and 
generator principles. 

Complete with permanent magnet 
and electro-magnet field. 


No. 7001 
AVAILABLE UNDER NDEA 


OTHER RINEHART PUBLICATIONS BY ATKIN AND BURNETT AVAILABLE FROM SESCO: 
Working with Animals * Working with Plants © Air, Winds and Weather 








Subsidiary of Universal Scientific Co. Inc. 
INC 1312 South Thirteenth Street, 
Vincennes, Indiana 
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matics course in outline for those with inad- 
equate background, tables of physical and 
mathematical constants, and samples of 
questions from the advanced placement 
examination in physics. This text is com- 
prehensive and accurate. Physical concepts 
are carefully explained in a correct manner. 
Contains a brief explanation of the atomic 
basis for understanding chemical changes, 
which is not usually included in a physics 
course. 


Satellites and Space Probes. Erik Bergaust. 
48p. $2.50. G. P. Putnam’s Sons, 210 
Madison Ave., New York 16, N. Y. 1959. 


Describes the satellite and space programs of 
the world. Up-to-date pictures and data. Con- 
tains information on the present and future 


programs of the United States and Russia. 
Excellent photographs and _ explanatory 
drawings. Suitable for upper elementary and 
junior high reading. 


Everyday Life in Prehistoric Times. Marjorie 
and C. H. B. Quennell. 226p. $3.50. G. P. 
Putnam’s Sons, 210 Madison Ave., New 
York 16, N. Y. 1959. 


An excellent portrayal of prehistoric man’s 
way of life, based upon archeological find- 
ings. Traces man’s development of early 
culture through tools, clothing, and shelter. 
Covers early man from Pithecanthropus to 
the Celts of England. Interestingly written. 
Well illustrated with photographs and draw- 
ings. Suitable for junior-senior high students 
and for general reading. 


SEMI-MICRO APPARATUS 





TILTRAY 


The only reagent tray which stores 
flat but tilts for handy access and 
label visibility. All metal construc- 
tion, coated with chemically resist- 
ant plastisol. Holds 120 each 15 ml 
bottles, dropper type or square. 
Tray without bottles— 
Cat. No. 120M 


Tray complete with 120 bottles and 
labels for “Semi-micro Chemistry” 
DeBruyne-Kirk-Beers published by 
Henry Holt. 


Cat. No. 290 13.25 ea. 


ACID-BASE REAGENT TRAY 


No more seepage and stains. Open, 
all metal construction, coated with 
chemically resistant plastisol. Holds 
5 each 30 mi bottles. 
Tray without bottles— 

Cat. No. 221M. 


TEST TUBE RACK 


Designed for maximum visibility—all 
metal, plastisol coated. Holds 7 test 
tubes. 
Cat. No. 113M 

for 10 x 75 mm tubes. . $1.20 ea. 
Cat. No.119M 

for 13 x 100 mm tubes. . 
Cat. No. 122M 

for 15x 125 mm tubes.. 1.40 ea. 


1.30 ea. 





Subsidiary of 
Universal Scientific Co. Inc. 


1312 South Thirteenth Street, 
Vincennes, Indiana 
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READING 


“Teaching Machines.” By Jesse H. Day. 
Journal of Chemical Education, 36:591. 
December 1959. Teaching machines require 
the active participation of the learner at all 
times. In this way they differ from other 
teaching devices. Examples are given of how 
the machine can be used with a complete 
description of what a teaching machine is 
and some of its misuses. 

“Teaching Techniques in the Under- 
graduate Organic Laboratory.” By S. J. 
Storfer and E. I. Becker. Journal of Chemi- 
cal Education, 36:614. December 1959. The 
substitution of the “discovery” technique for 
“cookbook” methods in the organic labora- 
tory is discussed. 

“Evaluation of High School Physics 
Courses by College Students.” By Haym 
Kruglak. American Journal of Physics, 
27:630. December 1959. College physics stu- 
dents were asked to complete a questionnaire 
about their high school physics course. The 
study was done to identify outstanding 
physics teachers and their methods. Interest- 
ing topics, such as the value of the physics 
course for college preparation, are also dis- 
cussed. 

“The Prehistory of the Periodic System of 
the Elements.” By Jan. W. con Spronsen. 
Journal of Chemical Education, 36:565S. 
November 1959. Teachers of chemistry will 
find that much historical information in this 
article will enrich a discussion of the history 
and formulation of the periodic system of 
the elements. Describes scientists (and their 
activities) responsible for developing the 
foundations for the periodic law in an in- 
teresting and concise manner. 

“The Flow of Matter.” By Marcus Reiner. 
Scientific American, 201:122, December 
1959. Solids, as well as liquids and gases, 
flow. In some respects, gases behave like 
solids. This article explains these two para- 
doxes. 

“The Invention of the Electric Light.” By 
Matthew Josephson. The Scientific American, 
201:98. November 1959. Edison’s electric 
light was “. . . an idea not a thing.” Explains 
the economic, technological, and sociological 
changes that this invention caused. The his- 
toric diagrams and schematic circuits will be 
very interesting to science historians. 

“Ninth Grade Biology—Pros and Cons.” 
By William W. Sharken. School Science and 
Mathematics, 59:718. December 1959. Dis- 
cussions of arguments for and against mov- 
ing biology into the ninth grade, and of 
the few which are backed up by evidence. 
Research studies are stressed to throw more 
light on the problem. 

“Methods of Presenting a One Year Inte- 
grated Science Course.” By F. C. MacKnight. 
School Science and Mathematics, 59:730. 
December 1959. Presentation to show science 
as a whole, rather than to emphasize the 
identity of its divisions. Several approaches 
are: (1) a sequence of merging topics, (2) 
a chronological one, (3) a geological one, (4) 
a philosophy of science approach, (5) a case 
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method approach, or (6) a combination of 
1-5. 


“High School Students Evaluate Section- 
ing.” By H. J. Klausmeier, John Mulhern, 
and Howard Wakefield. Educational Leader- 
ship, 17:221, January 1960. The results of 
the study described were in favor of ability 
grouping. Indicates that students of low 
ability were getting less out of school in 
terms of their social and academic needs 
than other students. 


AUDIO-VISUAL 


AIDS 


Solutions. 16 min. Ionization. 1842 min. 
Nitric Acid Compounds and the Nitrogen 
Cycle. 1812 min. These three films are part 
of the set of 18 in the new Coronet Chem- 
istry Film Set which covers the topics 
usually included in high school chemistry. 
Each film treats the principles related to the 
topic and presents demonstrations and labo- 
ratory experiments. Filmed with cooperation 
of Wheaton College. Available as a set or 
singly, in color or black and white. Price 
(available on request) depends upon length. 
1959. Coronet Instructional Films, Coronet 
Building, Chicago 1, Ill. 





Aristotle and the Scientific Method. A 
valuable addition to the available films on 
the scientific method. Dramatization presents 
a chronological story of the development of 
ideas concerning the nature of the universe. 
The story culminates in the observations of 
Aristotle and his contributions to the scienti- 
fic method. For senior high science, ex- 
pecially biology. 13% min. Color $137.50, 
B&W $75. 1959. Coronet Instructional Films, 
Coronet Building, Chicago 1, III. 


Isaac Newton. Filmed in England in 
locales associated with Newton. Good for 
historical interest, general information on 
achievements of Newton, and inspiration. 
Recommended for secondary mathematics 
and physics. 1342 min. Color $137.50, B&W 
$75. 1959. Coronet Instructional Films, 
Coronet Buildings, Chicago 1, Il. 


Galileo. A brief story of the major achieve- 
ments of the great scientist portrayed by ac- 
tors in settings in Italy. Shows how some of 
his contributions to science came about, and 
stresses his problems in fighting tradition. A 
stimulating film for junior and senior high 
students of general science and physics. 1342 
min. Color $110, B&W $60. 1959. Coronet 
Instructional Films, Coronet Building, Chi- 
cago 1, Ill. 


What’s Inside the Earth. A generalized ex- 
amination of the sedimentary rocks of the 
crust, inferred composition of the earth’s 
mantle, and determination of the structure 
of the central core from seismic data. Equip- 
ment used for this investigation is shown in 
operation, giving the student an opportunity 
to see earth dynamics in action. Produced for 
use in earth science studies at the elementary 
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and junior high schools. 13 min. Color $135, 
B&W $70. 1959. Film Associates of Cali- 
fornia, 11014 Santa Monica Blvd., Los 
Angeles 25, Calif. 


APPARATUS & 


EQUIPMENT 





Project-O-Stand. A unique device that will 
enable the teacher to assemble his own 
microprojector by adding 300- or 500-watt, 
35-mm slide projector and monocular com- 
pound microscope. The image is projected 
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upon a ground glass screen with a magnifi- 
cation about twice that observed in the 
microscope. For use on demonstration table 
in front of class. Folds into compact size for 
storage. No. CI-1, $49. 1960. Central Custom 
Instrument Company, 539 Lincoln St., Algon- 
quin, Ill. 


Laminated Anatomy Study Cards. These 
cards should be a great help to the student 
of anatomy. They are clear, exact, and com- 
plete. Each card has a legend associated with 
numbers on the drawings. Most practical for 
the college student but also useful in high 
school biology. Cards should be of value in 
connection with dissection. Set 1: Bones, 
Muscles and Muscle Insertions, 21 cards. 
$2.50. 1956. Set 2: Arteries, Veins, Nerves 








Your Sclence Program 











Globes and Mape 


ELIGIBLE FOR PURCHASE UNDER PROVISIONS OF THE NATIONAL DEFENSE EDUCATION ACT... 
TITLE 3. 


MODELS— Anatomy . . . Biology 


CHARTS— Anatomy . . . Biology . . . General Science . 
GLOBES— Physical . . . Celestial . . . Satellite . 


.. Physiology 


.. Planetarium ... 


Globe-Reading Activity Cards 


| 





For further 


| FREE! ' Please send me your catalog No. ST360, with full- 


'| color illustrations, descriptions and prices of Nystrom 
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and Lymphatics, 21 cards. $2.95. 1958. Set 
3: Cat, Necturus, Frog and Shark, 21 cards. 
$2.50. 1959. Student Merchandise, Inc., 350 
Fifth Ave., New York 1, N. Y. 


Bausch & Lomb Student Microscope, 
Model ST-22. A new model to replace the 
former model FL. The ST-22 has improved 
optical and mechanical features. The general 
appearance is very similar to that of the 
older model. $125 each (1-4); $112.50 (5 or 
more). Bausch & Lomb Optical Company, 
Rochester 2, N. Y. 


Bausch & Lomb Stereozoom Microscopes, 
Model BVB-73 and SVB-73. Sturdily con- 
structed microscopes with the interchangeable 


“power pod” feature which allows any of the 
optical units to fit any of the stands. The two 
models differ only in the stands. BVB-73 has 
an ordinary rack and pinion stand with a 
stage and a substage base; SVB-73 has the 
rack and pinion mounted on a boom extend- 
ing from a vertical post and heavy base. 
Either stand seems to work very well for the 
routine work. The Stereozoom feature works 
well and is clearly a major improvement in 
microscope design and construction, parti- 
cularly in that it eliminates the chance of 
“losing” the specimen while changing magni- 
fication. Model BVB-73, $385 each (1-4); 
$346.50 (5 or more). Model SVB-73, $414.50 
each (1-4); $373.05 (5 or more). Bausch & 
Lomb Optical Company, Rochester 2, N. Y. 





“BEST POWER SUPPL 


Mr. William Fischer, science department head,demon- 
strating electroplating with a Lab-Volt unit. 





Middletown Township High School (west wing), Middletown, N. J. 


és ro 


variable A.C. and D.C. power for science labs.” 


See Lab-Volt at Kansas City, Booth No. 21 
> FREE TEACHING AIDS... Sample illustrated experiments available on request. 


Write for complete Lt Vu catalog today. 


BUCK ENGINEERING COMPANY, Inc. 


36 MARCY STREET, FREEHOLD, NEW JERSEY * FREEHOLD 8-1111 
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ha POWER STATIONS hove really proved themselves here” reports Bill Fischer, 
head of the science department at Middletown High School. 


“More than a year of heavy usage has proved to us that Lab-Volt Units are the best means of 
supplying A.C. and D.C. power for our electrical experiments. Not one malfunction has occurred tc 
slow us down, and savings over other permanent power supply systems have completely equipped 
our labs with top quality apparatus such as that in the photo. | do not hesitate to recommend 
Lab-Volt Power Stations as the wholly practical and economical solution to the problem of supplying 


for science 
experiments” 
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These NSTA Publications 7 


Designed and published especially for science teachers; geared to make a contribution to 
your classroom teaching. 


Let’s Build Quality into Our Science Tests 


Emphasizes the importance of achievement in 
aspects of critical thinking; includes examples of 
tests for use in teaching or evaluation; prepared 
under direction of NSTA’s Committee on Evalua- 
tion in Science Teaching. 1958. 25p. $1.00 


Science in the Junior High School 


Report of conference held by NSTA’s Future 
Scientists of America Foundation and co-spon- 
sored by Oregon State College and the Crown 
Zellerbach Foundation; recommendations devel- 
oped by conference team of 32 selected teachers 
of junior high school science. Illustrated. 1958. 
22p. $1.00 


Science for the Academically Talented Student 


Proceedings of NSTA’s Seventh National 
Convention 


Includes major addresses, and summaries of dis- 
cussion groups, parallel sessions, and symposia 
which carried out the theme “Science Education 
for America: An Appraisal and a Look Ahead.” 
1959. S6p. $2.00 


Analyses of Science Tests 


An evaluation of standardized tests in general 
science, physics, biology, and chemistry. Com- 
piled by NSTA’s Committee on Evaluation in 
Science Teaching. 1959. 50¢ 


Report of a Conference sponsored jointly by the National Education Association Project on the 


Academically Talented Student and the 


Future Scientists of America Foundation of the National 


Science Teachers Association. Contains chapters on identification, course content, and teaching meth- 


ods. 1959. 64p. 


SEND ORDERS TO: 


$0.60 


(Checks payable to National Education Association) 





Publication-Sales Section 


National Education Association 


1201 Sixteenth Street, N. W. 
Washington 6, D. C. 


DISCOUNTS on quantity orders of the same 
publication shipped to one address, unless 
otherwise specified, are as follows: 2 to 9 
copies, 10%; 10 or more copies, 20%; 
flat rate to bookstores and other agencies 
for resale, 20%. 
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$24.00 





list price 


$20.50 


HARVARD TRIP BALANCE 
Model No. 1550-S 
Capacity 2 Kilogram 


Sensitivity 





TRIPLE BEAM BALANCE 
Model No. 750-S 


Capacity 2610 Gram 
Sensitivity 0.1 Gram 





list price 


$31.00 


CENT-0-GRAM 
TRIPLE BEAM BALANCE 
Model C.G. 311 


Capacity 311 Gram 
Sensitivity 0.01 Gram 
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list price 


$5.00 


STO-A-WEIGH WEIGHT SETS 
Available in Class C, Q, or P Adjustment. 
Shrinkproof box with Stainless Steel Forceps. 


Model 5210.... 50 Gram x 10 Mg.....Class C 
Model 5211....100 Gram x 10 Mg.....Class C 





list price 


$9.50 


list price 


$1.00 


BRASS SLOTTED WEIGHT SET 
Model No. 43503 
500 Gram x 10 Gram with Weight Rack 


WEIGHT HANGER 
Model 46207 
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for complete information write for FREE bulletin 


METRIC HOOK WEIGHT SET 


Model 46206 


1000 Gram x 10 Gram 
Lacquered Brass Weights in Hardwood 
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SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 





